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High Lighis 


Engineering Education. ‘American engi- 
neering colleges have a great responsibility 
in meeting the demands of the times so that 
their graduates will be capable as engineers 
and will also have . . . well-rounded ethical 
standards and broad interests. ..’” So says 
a recognized authority in outlining current 
practices and trends in engineering educa- 
tion (pages 414-17). Careful consideration 
should be given to that phase of engineering 
education, and professional development, 
which follows the award of the bachelor’s 
degree, according to another well-known 
educator (pages 418-19). Graduate courses 
for engineers are now being offered on a 
part-time basis by several educational insti- 
tutions in Chicago, Ill. (pages 417-18). In 
order that the engineer may learn to write 
and speak with facility, it is suggested that 
the study of English should commence as 
soon as the student enters college and con- 
tinue until he graduates (pages 419-20). 


Alternator Regulator. A simple electronic 
voltage regulator for alternators, utilizing 2 
mercury-vapor control tubes combined 
with a small inductance, capacitance, and 
resistance has been developed. Its sensiti- 
vity and operating speed are said to be com- 
parable with those existing electronic regu- 
lators of more complicated design (pages 
462-4). 


Economics and Business Courses. To 
stimulate the interest of student engineers in 
economic problems, a brief but fairly com- 
prehensive course in industrial economics 
and business methods is advocated in place 
of some of the highly specialized technical 
courses now included in engineering-college 
curricula (pages 446-54). 


End-Winding Inductance. 
calculating the end-winding self-inductance 
aud leakage inductance of a salient-pole 
synchronous machine are given in a paper 


Formulas for 


in this issue. An effort has been made to 
indicate the nature and consequences of the 
assumptions involved (pages 355-61). 


Magnetic Fluxmeter. To provide means 
for continuous measurements of somewhat 
varying magnetic flux in air gaps, a flux- 
meter employing 2 bismuth resistance ele- 
ments (the resistance of which changes 
with changes in the flux) has been developed 
(pages 441-5). 


Ground Faults on Power Systems. An ex- 
tensive survey of faults to ground on repre- 
sentative power systems in different parts 
of the United States is recorded in this issue. 
(pages 421-8). Data on fault resistance ob- 
tained in this survey also are given (pages 
428-33). 


Automatic Oscillograph. Analysis of sys- 
tem disturbances alone may not justify the 
use of an automatic oscillograph, but this 
instrument may also be used to locate faults 
on transmission circuits, and for testing re- 
lays controlled by carrier current (pages 
438-40). 


Oxidation in Insulating Oil. A series of 
studies of accelerated oxidation in a highly 
refined paper-cable insulating oil is reported 
in this issue, with particular reference to 
the correlation between oxidation and elec- 
trical properties (pages 465-74). 


Electricity on Aircraft. The use of electri- 
city on aircraft has increased to such an ex- 
tent that the wiring diagrams of modern 
planes are beginning to resemble those for 
electric power generating stations (pages 
406-10). 
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An inspection trip to the $375,000,000 
Grand Coulee project on the Columbia 
River, about 92 miles from Spokane, Wash., 
is being included on the program of the In- 
stitute’s 1937 Pacific Coast convention to be 
held in that city, August 30-September 3, 
It is planned also to include one or more 
papers dealing with the engineering features 
of the project. At the left is reproduced a 
photograph taken March 8 especially for 
ELECTRICAL ENGINEERING by the U.S. Bureau 
of Reclamation, showing the status of construc- 
tion on that date. In the foreground is the 
completed foundation for one end of the 
dam which will rise to a maximum height of 
550 feet and will contain 11,250,000 cubic 
yards of masonry. _The entire project in- 
cludes construction of a dam, a 2,700,000- 
horsepower power plant, and a pumping 
station on the Columbia River; a reservoir in 
Grand Coulee; main irrigation canals; and 
water distribution system on the project lands. 


Voltage Drop. Connection of load to only 
2 phases in open star in a delta-star distribu- 
tion network may sometimes be necessary; 
voltage regulation requires that the load 
be divided correctly, which may not mean 
equally, on the 2 phases (pages 434-7). 


Elihu Thomson Dead. One of the last of 
the original group of great electrical pio- 
neers, Elihu Thomson died March 18, 1937. 
He was a charter member of the AIEE and 
its fifth president (pages 482-8). 


District Meeting at Buffalo. An interesting 
program of varied attractions has been 
planned for the North Eastern District 
meeting of the AIEE to be held in Buffalo, 
N. Y., May 5-7, 1937 (pages 489-91). 


Summer Convention. Tentative plans for 
the Institute’s 1937 summer convention to 
be held in Milwaukee, Wis., June 21-25, 
include 10 technical sessions and 1 general 
session (page 491). 


Auditory Perspective. Reproduction of or- 
chestral music in auditory perspective has 
been demonstrated out-of-doors with the 
orchestra present (pages 412-13). 


Prizes for Papers. Rules for the award of 
Institute prizes for technical papers have 
been revised (page 492). 


DISCUSSIONS 


Appearing in this issue are discussions 
of the following papers: 
A-C Characteristics of Dielectrics—II—Banos . . 477 


Dielectric Strength of Transformer 
Insulation—Bellaschi & Teague. . . 
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The President on Membership 


A. least once each year, the president 
should discuss with the members the 
subject of membership; for without mem- 
bers there could be no organization, and 
our fundamental purposes would be im- 
possible of accomplishment. The major 
accomplishment of the Institute results 
from the voluntary service so willingly 
rendered by the national and District 
officers and committees, the Section’s of- 
ficers and committees, and the authors of 
the technical papers—a service much greater 
than, and in addition to, their financial sup- 
port. However, a great work cannot be 
accomplished without expense, and funds 
are necessary to meet these expenses. 

The booklet ‘“Membership”’ by Everett S. 
Lee, chairman of the finance committee and 
past-chairman of the Section and member- 
ship committees, gives a clear picture as to 
the advantages of Institute membership, 
the funds provided by the members, and 
how they are wisely expended to “‘advance 
the theory and practice of electrical engi- 
neering and the allied arts and sciences, and 
to maintain a high professional standing 
among the members.”’ It is quite unneces- 
sary for me to endeavor to add to this pic- 
ture. 

A society is exactly what its members are, 
and I shall never be satisfied until every 
qualified and interested electrical engineer in 
America is a member of the Institute. The 
larger the number of qualified engineers who 
support the organization by their member- 
ship, the greater is the prestige of the 
society and the wider is the opportunity for 
service to the profession through an intelli- 
gent direction of the personnel and use of the 
funds which they provide. 

I have carefully considered the motives 
which actuate an electrical engineer in 
applying for membership, and it seems to 
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me that they can be classified in 2 groups. 


A. SELFISH INTEREST 

A desire to be one of a distinguished group. 
An interest in our technical activities. 

A desire to advance his professional standing. 


DOS ee 


. Adesire to broaden his ability through presenta- 
tion of his ideas and discussion of the ideas of others. 
5. The seeking of an opportunity for acquaintance 
and fellowship with others in their profession. 


B. UNSELFISH INTEREST 


1. A desire to advance the prestige and standing of 
his profession. 

2. The wish to support an organization offering 
to the younger engineers, with whom he is associ- 
ated, opportunities for development and advance- 
ment in technical knowledge. 


3. The desire to be associated with and participate 
in the activities of a society devoted to service to 
the profession. 


The membership may possibly be grouped 
in the following classes: 


Class 1—Sustaining. Those, who in addition to 
their financial support, largely participate in or- 
ganization activity, technical activity, student 
activity, and Section activity. 

Class 2—Participating. Those who give financial 
support and attend the meetings and conventions. 
Class 3—Silent. Those who render financial sup- 
port and are interested, but do not participate. 

Class 4—Indifferent. 
cial support. 

Class 5—Dissatisfied. Those, who through lack 
of information, lack of participation, or lack of 
consideration, feel that the organization is not ef- 
fectively carrying out its purposes. 


Those who give only finan- 


The first group is the most valuable, for 
in this group are the most interested mem- 
bers who consider membership in the AIEE 
a real privilege. It is the constant aim 
of the officers to transfer those in groups 3, 4, 
and 5 into groups 1 and 2; but the greatest 
factor in this desirable transfer is the mem- 
ber himself. Those who contribute most 
and participate most largely are invariably 


the most interested. From a very active 
member J have seldom heard any com- 
plaint as to the dues he pays, although he 
may logically suggest how his dues can 
better be expended. 

Membership is one of our most important 
activities. It is not the purpose of the 
membership committee to argue or cajole an 
engineer into applying for membership; 
rather to inform him as to our purposes and 
aims, and draw to his attention the privilege 
and duty that is his if he is qualified. 

I feel that the membership committee 
should give particular attention to the elec- 
trical engineers connected with companies 
using, but not manufacturing, electrical 
equipment, and in this they should be 
aided by the technical program committee. 
The fundamental purposes of the Institute 
would be greatly furthered by an increased 
membership in this group. 

Would any engineer desire to see the 
activities of the professional societies dis- 
continued? Does he wish others to carry 
on the work of which he should be a part, or 
does he wish to do his share? If, due to 
circumstances, he cannot be in class 1, how 
much greater is his obligation to be at least 
in class 3. If he feels that the society’s ac- 
tivities should be modified, should he not 
join and within the organization lead the 
way to higher accomplishments? 

The most powerful force toward increased 
prestige and increased opportunity for ser- 
vice through increased membership, is the 
attitude and co-operation of those who are 
now members. Each individual member 
should do his part. As expressed at the 
recent winter convention, our aim for 1937 
should be to advise every qualified electrical 
engineer as to our aims and purposes, and 
invite his assistance in reaching our objec- 
tive. 
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HE PROBLEM of elec- 

tricity on aircraft has 

changed materially over 
the past 15 years. From a 
necessary evil whose sole func- 
tion was to ignite explosive 
charges in engine cylinders, its use has become a question 
of first-rate importance in the design and operation of the 
modern airplane. 

In 1918, embryo pilots in the Army Air Service used 
to sit up nights over the ‘‘complications”’ of the electrical 
circuits on the old Curtiss “Jennies” then in use. The 
“complications” consisted of a single magneto, 8 spark 
plugs, a simple ‘‘on’’ and “‘off’’ switch on the dash, and 
about 25 or 30 feet of wire. 

By contrast, a modern military bomber, by no means 
a large airplane as ships go today, takes some 1,200 feet 
of wire to connect its various circuits. The large trans- 
port illustrated at the head of this article, which is known 
as the Douglas type DC-3 plane, and which is now in 
active production requires between 5,000 and 6,000 feet. 
Estimates for next year’s 40-passenger machines show 
wiring requirements of over 18,000 feet per ship! The 
wiring diagrams are beginning to resemble the hookup for 
a central station or an automatic telephone exchange. 

It would take many pages to examine in detail all the 
steps that lie between the old wartime planes and the 
modern passenger transport, electrically speaking. How- 
ever, a few of the high spots might be touched upon to 
show that, although there are many special problems, 
basically the matter of the design and installation of the 
electrical equipment is not so different from the sort of 
thing with which, as a group, electrical engineers are 
already familiar. 

Probably one of the earliest of the electrical problems 
on aircraft was the addition of the radio. But a detailed 
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Apart from the more obvious uses of electrical 
devices for aircraft communication and navigation, 
electricity is playing an increasingly important 

role on board modern airliners. cle. 
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discussion of radio for com- 
munication and navigation is 
beyond the scope of this arti- 
It may be pointed out 

in passing that beginning 

with the very simple wartime 
receiver and rudimentary transmitter, the equipment has 
been developed to the point where the new transports 
soon to be in operation will carry no less than 8 or 9 
different radio sets of one kind or another, possibly in- 
cluding apparatus for facsimile reception and transmis- 
sion and for “‘‘absolute” altitude determination. Each 
such installation costs many thousands of dollars, and 
adds several hundred pounds of weight to the airplane. 
Also, the power requirements of the radio are constantly 
increasing. Today the average transmitter has an input 
of 50 watts. Tomorrow it probably will be considerably 
greater. 


Lighting 


Toward the end of the World War night flying began, 
and from early postwar mail days has been developed to 
the point where now flying is done at night as casually as 
in the daytime. This brought with it a number of lighting 
problems, apart from the question of lighting airports and 
airways—an important subject to electrical engineers, but 
also outside the bounds of the present discussion. Earliest 
solution to the emergency night landing problem was the 
carrying of a couple of open magnesium flares attached to 
the wing tips. This soon proved unsatisfactory, as well 
as dangerous, and the electric landing light came into 
being. Clearly, too, some form of navigation lights was 
necessary. Today, every commercial airplane must be 


Essentially full text of an address presented before the transportation group of 
the AIEE New York Section on January 14, 1937. 
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equipped with powerful headlights for landing and also 
the familiar red, green, and white running lights. 

Instrument-board lighting became of first-rate impor- 
tance. The boards themselves have become immeasur- 
ably more complicated. Pilots must be able to see each 
instrument quickly and clearly. All sorts of direct and 
indirect lighting arrangements have been tried, including 
a development involving ultraviolet radiation. One 
airline has been studying the development of the argon 
light which projects an invisible ultraviolet ray. This 

fay is directed at radium-painted instrument dials and 

produces a brilliant glow. In total darkness the ‘“‘black 
light” cannot be seen except for the effect it has on the 
radium dial faces. But even the best so far discovered 

still leaves something to be desired. A further complica- 
tion arises from the fact that the intensity of the illumina- 

tion must be varied at will by the pilot in order that the 
intensity of light in the cockpit will always match that 
outside so that his eyes do not have to adjust themselves 
when shifting from distant objects to the instruments and 
back again. 

The lighting of passenger cabins is a special problem. 
Not only must general illumination be provided, but also 
individual reading lights, on separate circuits, must be 
installed at every seat, or in every berth. Toilets and 
washrooms, galleys, coat closets, mail pits, and baggage 
compartments must all have adequate lighting with 
separate controls. Warning lights in the pilot’s cockpit 
indicate that all passenger and cargo compartment doors 
are properly closed and secured. 


Miscellaneous Devices 


The dictates of passenger comfort have made necessary 
the provision of devices unthought of 15 years ago, as the 
accompanying pictures show. The galleys on the new 
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ships will be provided with electric ranges for cooking— 
hot plates and grills. Coffee percolators and electric 
refrigerators also will appear. The latest washrooms are 
providing electric razors for the convenience of male 
passengers. Possibly air conditioning is in the offing. 
Other electrical devices have already appeared and will 
continue to take on new forms as ships become larger. 
For years there has been complete call-buzzer service from 
passenger seats and from the cockpit to summon steward 
service. It was only one short step beyond that to a 
complete telephone system to all parts of the ship, a con- 
venience that has already put in an appearance. The 
illuminated sign to warn of an approaching landing and 
to suggest the use of seat belts is commonplace. Then, 
since pilots are human and might sometimes forget to 
extend the retracted landing gear before settling down on 
a field, automatic warning devices that light red targets 
on instrument boards, or sound a warning horn behind 
the pilots’ heads, or both, are now installed as regular 
equipment. All these are electrically operated and further 
complicate the maze of wiring on the modern airplane. 


Engine Equipment 


The electrical problems connected with the engines 
themselves have become tremendously complicated. 
Ignition is still from magneto, but a much more powerful 
and dependable machine than those fitted on the old 
Curtiss OX-5 engines of 15 yearsago. But where the war- 
time engines generally had only one, each modern aircraft 
engine has a complete dual system—2 magnetos, 2 com- 
plete sets of wiring, and 2 spark plugs per cylinder. There 
has been some discussion recently over the advisability of 
having 3 complete units per engine. Apart from duplica- 
tion, the ignition has been further complicated electrically 
because of the presence of radio on aircraft. It is obvious 
that an ignition system but a few feet away from a highly 
sensitive radio receiver will cause trouble unless the former 
is electrically shielded. Complete metallic enclosure for 
every inch of ignition circuits is the only possible solution. 
This is not as simple as it may sound, and has been a 
source of no end of trouble that has not yet been com- 
pletely overcome. 

Even after many years of development, the spark plug 
is still a source of trouble and annoyance. The modern 
trend toward taking all possible power out of engine 
cylinders at high altitudes has opened new mechanical 
and electrical problems with plugs that were not thought 
of several years ago. New plugs are now coming into the 
market, however, that promise relief from present diff- 
culties. 

Starting engines 15 years ago was simply a matter of 
brawn. It was no problem (except to get clear without 
being hit on the head by the propeller) to ‘‘swing’”’ a 90- 
horsepower engine. Starting a 1,000-horsepower motor 
is quite a different thing. Inertia starters energized by 
an electric motor, or direct-cranking electric starters are 
to be found on most ships today. The bigger the engines 
become, the larger the starters, and the greater the power 
required to operate them. All this is bad enough when 
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only one engine is involved. Most ships today have 2 
engines. Tomorrow they will have 4—day after to- 
morrow, 6 or 8. Furthermore, the old single engine was 
in the nose of the ship. Multiple engines are commonly 
mounted along the wings where control for starters must 
be remote, connections complicated. 

Because of the remote location of engines there are a 
number of other operations that can best be done elec- 
trically. Obvious is the measurement of temperatures 
at various parts of the engines by remote-reading thermo- 
couples. Electrical gauges have been devised to show 
the level of fuel in tanks. Electric tachometers measure 
engine speeds in cockpits so far away from engines that 
mechanical drives would be too heavy and impractical. 
Engines may be accurately synchronized electrically, by 
matching up the phases of small alternators directly 
driven by each power plant. Lubricating oil in remote 
tanks may be warmed to operating temperatures before 
starting by immersion heaters permanently fitted. Cer- 
tain instruments are kept free from accumulations of ice 
and snow by small electric heaters. 

One of the latest electrical applications is the continuous 
indication of fuel-air mixtures in engine carburetors by 
analysis of the composition of exhaust gases in the exhaust 
manifold. The Cambridge Aero Mixture Indicator (now 
installed as regular equipment by most of the major 
airlines) operates on the thermal conductivity principle 
incorporating a Wheatstone bridge. The electrical char- 
acteristics of one leg of the bridge change with changes 
in the thermal conductivity of the surrounding exhaust 
gases, which, in turn, becomes a measure of the quantity 
of carbon dioxide in the gas. The latter, in turn, is a 
function of the fuel-air mixture supplied to the carburetor. 

Every ship today where performance is an element is 
fitted with controllable-pitch propellers. The most com- 
mon type is the hydraulic control developed by Hamilton- 
Standard of Hartford, Conn. Coming onto the market 
now, however, is a new electrically driven type introduced 
by Curtiss-Wright. Changes in blade pitch are made by 
a small electric motor mounted in the propeller hub and 
connected to the blades through gears with a very high 
reduction ratio. Power is supplied to the motor through 
a pair of slip rings and brushes. An automatic electrical 
governor has just been developed for this propeller so 
that it turns at constant speed regardless of power de- 
veloped at the shaft. 


Retracting Units 


There are a number of other electrical applications that 
have been developed through what may be called aero- 
dynamic or operational considerations. For high speed 
and maximum efficiency an airplane must be “‘clean,”’ that 
is, nothing must be permitted to project into the air stream 
that can possibly be withdrawn inside the smooth con- 
tours of the machine when in flight. This accounts for 
the present practice of retracting the landing wheels, wing 
tip floats (on flying boats), landing lights, certain radio 
antennas, and other projections while in the air. Today 
the field is divided between hydraulic and electrical 
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mechanisms to accomplish these retractions, but, as the 
size of airplanes increases (and the trend is all in that 
direction) electric drives will probably predominate. 
Even if the actual operating elements are hydraulic, the 
pumps supplying the liquid under pressure will undoubt- 
edly be electrically driven. 

Ships that are ‘‘clean’’ require some sort of “‘air brake” 
to slow them down to a reasonable speed for safe landings. 
The brakes usually take the form of a flap under the 
trailing edge of the wing that may be pulled down at a 
sharp angle to the air stream. Such flaps, on large planes, 
are either hydraulically or electrically operated; but, as 
with the wheel retraction, as size increases, the electrical 
drive will probably predominate. 

““De-icers”’ are a part of the winter equipment of modern 
commercial aircraft operating in northern countries. It 
is out of place here to describe their action, but sufficient 
to say that certain necessary control valves and air com- 
pressors are electrically driven. 

The future holds other probabilities. As airplanes 
become very large—and indications are that the limit 
where these changes will have to be made is now approach- 
ing—it will be impossible for a pilot, unaided, to operate 
the flying controls. Some form of relay-operated servo- 
mechanism will have to be developed to move the control 
surfaces at the will of the pilot, just as a steering engine 
functions in a large steamship. Again, both hydraulic 
and electrical mechanisms are possibilities, but the proba- 
bilities favor the electrical. No ship has yet been built 
incorporating these ideas, but studies have already been 
made looking toward the future. 

Also, as ships get larger, other power auxiliaries will be 
needed. Hoists will be needed for lifting cargo, for engine 
changing, for operating gang planks, for weighing anchors, 
and for a host of other things not yet thought of. For 
all such, the logical drive will be electrical. 


Power-Supply Problem 


Doubtless the question has already occurred as to 
where the power is to come from to operate these many 
electrical devices. To date, the standard source of power 
on aircraft has been the ordinary storage battery—not 
exactly “ordinary,” however, for the requirements of 
minimum weight, compactness, and high output have 
forced the development of special batteries. The average 
battery for transport planes today is 14'/2 inches long, 
71/, inches wide, and 111/, inches deep. It can supply 
about 88 ampere-hours at 12 volts and weighs about 70 
pounds. One company has recently placed on the market 
a new battery having the same over-all dimensions and 
said to be capable of supplying 105 ampere-hours. Over- 
all dimensions are important because all modern transports 
have been built with a battery compartment of a standard 
size, and fundamental changes in design would be neces- 
sary to accommodate larger sizes. 

Generators, driven directly by the airplane’s engines, 
supply a certain amount of recharging to batteries in 
flight, but the demands are usually so high that the drain 
on the battery exceeds the replacement, and it is common 
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practice to remove batteries from every airplane at the 
end of every run and send them to the charging room. 
One of the last servicing operations before departure from 
a terminal station is to install a fresh battery in the plane. 

It is good practice, also, in order to relieve the plane’s 
battery of the heavy drains occasioned from starting 
engines to provide independent starting power on the 
ground. This may take the form of mechanical power 
applied from an outside mechanism (electrically driven, 
to be sure) or from providing starting batteries on small 
portable carts that may be connected into the plane’s 
electrical circuits by means of cables and a plug in the 
body of the ship. 

Electrical equipment, however, has been added faster 
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Pilots’ cockpits are becoming increasingly complicated and present 
This is on a Douglas DC-3 plane 


difficult lighting problems. 
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than battery design could keep up. Even for present 
requirements, one battery is hard pressed to do the job. 
As soon as it becomes necessary to think in terms of 2 or 
3 batteries on each plane, it becomes worth while to ex- 
amine other possibilities to see 1f something else may not 
be found to yield the required power for the same weight 
carried. One answer is already in sight. It seems not 
unlikely that the large plane of the future will carry its 
own independently operated electrical power plant—a 
gasoline-driven motor-generator set delivering 110-volt 
alternating current. 

Equipment already has been designed, and shortly will 
be commercially available in the form of small 4-cylinder 
air-cooled gasoline engines, to deliver at least 15 or 20 
horsepower at altitudes up to 20,000 feet 
to drive a-c generators and other auxiliaries. 
These will be completely self-contained, will 
be installed in some convenient out-of-the- 
way place in the airplane (probably in one 
or more of the engine nacelles), and will be 
remotely controlled. Besides driving the 
generators they will also operate a number 
of auxiliaries now mounted on the main 
engines, thus improving over-all reliability 
by removing from the airplane’s power 
plants a number of sources of potential 
failure. In addition, the exhaust heat from 
the small engines will furnish ample heat 
for maintaining proper temperatures in pas- 
senger cabins at high altitudes. 

Another important feature is that such 
independent units may be kept in operation 
when the airplane is standing on the ground. 
Power is required in increasing quantities 
for use on board during stops, and it is 
obviously more economical—and safer—to 
keep the small plant running than to at- 
tempt to keep one of the main engines 
turning over to drive generators. 

One of the first questions that came up in 
the consideration of independent a-c power 
plants was the matter of frequency. There 
would have been some advantages as far as 
operations on the ground were concerned 
in selecting 60 cycles. It would thus have 
been possible to plug into the circuits at the 
average field when standing in stations or 
in hangars. Weight considerations, how- 
ever, ruled out 60 cycles. Familiar, of course, 
are the effects of higher frequencies in reduc- 
ing the weight of iron in motors and trans- 
formers, so that the preference at the present 
time for equipment operating at 800 cycles 
is immediately clear. Some study has been 
given to intermediate frequencies, but the 
trend seems definitely toward the 800 
level. 

Once the break has been made away 
from the present 12-volt battery-operated 
system with its limitations, it is difficult 
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to predict how far electrically operated auxiliaries on 
aircraft may go. Once a really adequate source of electric 
power is assured in the form of an independent motor- 
generator set, designers may really begin to explore the 
possibilities of the field. They doubtless will find many 
new uses for electricity on airplanes that no one has yet 
dared to think about. 


Some Special Problems 


So far, many points of similarity between the electrical 
problems on aircraft and the problems with which most 
electrical engineers are familiar have been considered. 
In closing, a few of the problems that are distinctly 
special because of the peculiar conditions under which 
aircraft operate may be mentioned. 

First, and always foremost, is the question of weight. 
In other fields of transportation, weight control is a 
secondary consideration. In aircraft design it is all 
important. All additions to the tare weight of any air- 
plane are immediately reflected in reduced range or in 
loss of pay load. The gross weight of an airplane for any 
desired level of safety or performance is fixed. Clearly, 
then, increases in the weight of the ship’s structure or 
auxiliary equipment must come out of the fuel supply or 
out of the cargo. Each electrical unit, then, becomes a 
separate and distinct design problem, and must be treated 
as such. The separate load requirements must be cal- 
culated accurately and provided for without margins 
beyond those dictated by good sense for safe operation. 
For example, it will not do to install a */,horsepower 
motor simply because it happens to be on hand, when 
the job, with all allowances, requires 5/s horsepower. 
The difference in weight may seem negligible in each case, 
but the cumulative effect may run into many pounds. 
It is thus impossible to stock a few items to use over a 
wide range of requirements as is common industrial 
practice. Each item must be looked upon as distinctly 
special. 


Newark (N.J.) Airport at night 
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Likewise, mountings cannot be multiplied by 2 or by 
3 just to be safe. Here, especially is weight control 
important. All fittings connecting electrical appliances 
to the main structure must be calculated down to the last 
ounce consistent with safe operation. 

The selection of operating speeds for electrical equip- 
ment is dictated by weight considerations. In general 
industrial work, speeds are selected that will best fit 
certain desired operations. In aircraft, the highest 
practical operating speeds are selected to save weight. 
For example, an inertia-type engine starter turning at 
speeds up to 3,600 rpm may require a 20-pound flywheel to 
do a certain job. If the speed is increased to 12,000 rpm 
a wheel weighing between 2 and 3 pounds will produce the 
same energy. The same general considerations are true 
for the design of many items. 

Because of the inherent characteristics of airplane 
structures, all the equipment mounted on them is con- 
stantly exposed to vibration over a wide range of fre- 
quencies. The ruggedness of design demanded by this 
type of treatment is not conducive to weight-saving, but 
again, the corners must be cut as closely as possible con- 
sistent with satisfactory operation. It is obvious, too, 
that such conveniences as delicately balanced relays and 
automatic switches cannot be used, although they often 
would be very helpful. 

Another difficulty arises from the wide range of tempera- 
ture to which aircraft is subject within a relatively short 
time. Thus an airplane may take off from sea level 
under moisture-saturated tropical conditions, and 25 or 
30 minutes later be flying at some subzero condition at an 
altitude of 15,000 feet. Not only the temperature drop 
but the condensation may cause plenty of trouble in the 
electrical apparatus. 

Then the wiring of all the electrical equipment is a 
problem in itself. Fifteen years ago, going back to war- 
time planes, a bit of open wiring on cleats did the job. 
Not so today. Everything must be run in metal conduit. 
All wiring and conduit must be mechanically strong to 
withstand the vibration. It must 
be electrically good to avoid pos- 
sible fire hazard and to provide 
adequate radio shielding. In 
many places positive-action 
quick-detachable connecting 
plugs must be provided to permit 
quick replacement of certain units 
such as engines, whole radio sets, 
or individual instruments. 

Space has not permitted more 
than a hasty review of the several 
problems of the electrical equip- 
ment on modern aircraft, but it 
is hoped that they have been 
demonstrated to be of vital im- 
portance to the development of 
our latest transportation indus- 
try, and that they are worthy 
of the attention of the best elec- 
trical talent in the country. 
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Power From 


A. new incinerator plant at 
Providence, R. |., uses the 
hot gases from a 5-cell in- 
cinerator with a normal ca- 
pacity of 160 tons of refuse 
per 24 hours to generate 
steam in a 700-horsepower 
boiler at a pressure of 200 
pounds per square inch. The 
steam is used in a 1,250-kw 
turbogenerator which  fur- 
nishes power for operating 
the city’s sewage disposal 
plant and will furnish power 
for a sewage pumping station 
now being motorized. A 
duplicate boiler and turbo- 
generator assure continuous 
service. The view above 
shows wrapped garbage and 
refuse being dumped into 
the 1,000-cubic-yard storage 
pit. At the right is shown 
the exterior of the building, 
with conveyor and hopper 
for ash removal; below is a 
view of a_ turbogenerator 
(Westinghouse photos) 
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Waste Heat of an Incinerator 


(Above.) An electric crane 
with 1'/,-cubic-yard bucket 
lifts refuse from storage pit to 

charging bin 


(Below.) Stoking the fur- 
nace; gates operated pneu- 
matically meter the refuse. 
Air is supplied by a turbine- 
driven forced-draft fan and is 
preheated 
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Sound Reinforcing System for Hollywood Bowl 


NEW demonstration of the potentialities of the 
reproduction of orchestral music in auditory per- 
spective was given at the Hollywood Bowl in Cali- 

fornia last August, when music reproduced in this manner 
was heard for the first time out-of-doors with the orchestra 
present. The occasion was a concert presented by Para- 
mount Pictures with Leopold Stokowski acting as the 
conductor. 

Reproduction in auditory perspective was first demon- 
strated in 1933. Music played in Philadelphia, Pa., was 
picked up by microphones, amplified, and transmitted 
over 3 special telephone circuits to Washington, D. C., 
where it was again amplified and reproduced by means of 
3 huge loud-speakers. The equipment used in this original 
demonstration was.described in a group of papers pub- 
lished in the January 1934 issue of ELECTRICAL ENGI- 
NEERING. The characteristics of this equipment were 
such that the entire frequency and volume range of the 
most exacting orchestral and vocal music could be repro- 
duced without impairment of quality. The spatial 
arrangement of the microphones and the corresponding 
arrangement of loud-speakers was such as to provide 
substantially perfect auditory perspective. Both the 
original equipment, and that used in the Hollywood 
demonstration was developed by the Bell Telephone 
Laboratories, New York, N. Y. 

The Hollywood Bowl is a natural amphitheater situated 
in a hollow surrounded by low hills. Oval in form with 
the stage at the lower end, its tiers of seats rise in curved 
rows up the sloping hillside at an inclination of about 12 
degrees. It seats 22,500 persons. The orchestra plays 
in a large conical sound-reflecting shell on the stage. 
This shell raises the sound level effectively in the front 
and central portions of the seat- 
ing area but not adequately in the 
side and back sections. 

To correct these inequalities in 
sound distribution and to increase 
the general level of the music 
throughout the bowl a multi- 
channel reproducing system was 
installed.’ This system also 
offered the additional advantages 
that (1) special effects could be 
obtained by changing the volume 
and sound quality with manual 
controls and (2) the loudness of 
the singers or solo instruments 
could be increased relative to that 
of the orchestra. 

In providing such equipment 


Includes essentially full text of an article by 
A. R. Sorret of the Bell Telephone Labo- 
ratories, Inc., New York, N. Y., published 
in the March 1987 issue of Bell Laboratories 
Record. 
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Sound Reinforcing System 


for the bowl, conditions not previously encountered in 
indoor auditoriums had to be met. Since no walls or 
ceiling were present to reflect sound, arrangements had to 
be made to direct all the low as well as the high frequen- 
cies toward the audience. Moreover, since the loud- 
speakers had to be placed near the orchestra to create the 
illusion that the sound all came from the orchestra, care 
had to be taken to prevent the sound from the loud- 
speakers from feeding back into the microphones, which 
would cause singing. These and similar difficulties were 
overcome by using new equipment particularly designed 
for the demonstration. 

The general plan of the system as installed was to pro- 
vide 3 microphone positions in front of the orchestra: 
one at the left side, one in the center, and one at the right 
side. A separate amplifier channel of high power was 
provided for each of these positions and the output of each 
channel was connected to separate loud-speakers mounted 
above the orchestra shell in positions corresponding to the 
microphones. Six microphones were used on the 3 chan- 
nels. Two were connected in parallel on the left channel 
to give a satisfactory balance for the cellos, harps and bass 
viols, because the microphones had to be placed close to 
these instruments to avoid feedback. Two were located 
at the center so that one would be available to switch in 
instead of the regular microphone for vocal soloists. At 
the right, in addition to the regular microphone, there was 
an extra one out in front of the shell. This was used for 
harp and cello solo numbers instead of the regular micro- 
phone. The volume controls were located in the center 
of the seating area about 300 feet back from the shell, 
and at this position the gain of all 3 channels could be 
varied by one control. When the soloist’s microphone 


View of Hollywood Bowl after installation of loud-speakers 
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was switched to the center channel, how- 
ever, a separate volume control was pro- 
vided for it so that the level of the voice 
could be changed independently of that of 
the orchestra. Quality control made it 
possible to accentuate the low frequencies 
and temper the very high frequencies, and 
an equalizer compensated for the charac- 
teristics of the loud-speakers, microphones, 
and air-transmission path. The amplifiers 
were adjusted to keep the system below 

“the “singing’’ point at all times. The 
acoustic power output of the side channels 
was 200 watts per channel and that of the 
center channel half that capacity. 

The loud-speaker groups on the sides 
consisted of 4 multiple-unit high- 
frequency horns each driven by 2 re- 
ceivers. These were mounted above 2 low-frequency 
units, like those used in the Philadelphia-Washington 
demonstration, which were placed one on top of the other 
with a common extension. This extension presented an 
area of 10 by 12 feet at the mouth which made the low- 
frequency units directive down to 50 cycles. The sound 
beam of the horns, both low- and high-frequency, was 
about 85 degrees wide and 50 degrees high. The center 
loud-speaker group comprised 2 high-frequency horns and 
only one low-frequency unit, which was built out to 10 by 
10 feet in mouth area. The field current supply to each 
side group consisted of 3 power units, while 2 units supplied 
the current for the center group. 

To mount these 2/2 tons of loud-speakers above the 
orchestra shell it was necessary to construct a bridge 
structure 112 feet long and 12 feet wide, 45 feet above the 
ground. The center speakers were directly above the 
center of the shell and the side speakers were each 45 feet 
from the center of the bridge. The bridge was artistically 


| 

| 

| 

| 

QUALITY | 

CONTROL | 

en eer | HIGH 
AUDITORIUM | FREQUENCY 
CONTROL POSITION ah 
A typical “‘stereophonic’’ channel; 3 like this were used in the Hollywood 
yp p F 
demonstration 
APRIL 1937 


LOUDSPEAKER BRIDGE 


Sound Reinforcing System 


Rear of orchestra shell showing bridge structure erected to hold the 
2'/, tons of loud-speakers 


draped and lighted, which added not a little to the appear- 
ance of the shell. All amplifier and circuit equipment 
was mounted in a room at the stage. 

After the system had been installed, acoustical measure- 
ments were made with a high-speed level recorder at vari- 
ous places over the seating area and the horizontal angle 
of the high-frequency horns was adjusted to direct 
more of the sound to the back seats than to those in front. 
This resulted in a fairly even distribution of sound; 10 
decibels was about the greatest difference in sound level 
between any 2 positions. The maximum gain settings 
were found with no audience in the bowl. With an audi- 
ence, however, 4 or 5 decibels more gain could be used 
without trouble from “‘singing.”’ 

In actual tests with the orchestra present an increase 
in sound power of 40 times (16 decibels) was obtained 
when the gain of the system was set at maximum. AI- 
though ordinarily this much amplification was neither 
used nor desirable, it was available to accentuate crescendos. 
Even in the first row of seats 
where the sound of the orches- 
tra itself arrived a fraction of a 

| second before that from the loud- 

! speakers, the illusion that all the 

| sound was coming from the per- 

| formers was still strong. At the 
| rear of the bowl, '/1 mile from 
| the stage, the music level was at 

: full volume; and for the first time 
—4 vocal soloists could be heard satis- 

| factorily. 
| This demonstration was a good 
| illustration of how telephonic re- 
| search can help to expand the 
| horizon of music. The multi- 
! channel reproducing system de- 
| scribed here gives to an orchestra 
| a covering power previously un- 
attainable and makes possible 
fortissimo effects that could not 
be duplicated by the simultaneous 
efforts of hundreds of musicians. 
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Engineering and Engineering Education 


By A. A. POTTER 


President, American Engineering Council 


NGINEERING #_ strives 
F to provide better and 
easier ways of satisfy- 
ing human needs. The as- 
tounding improvements which 
the past 50 years have 
brought about in our stand- 
ards of living have gone on 
simultaneously with a more 
general appreciation of engi- 
neering education. This type of education, started 
in this country about 110 years ago, received its first impe- 
tus by the passage of the Morril Land-Grant Act of 1862, 
which provided means for the rapid extension of engineer- 
ing education. From 1862 to 1934 the number of engineer- 
ing colleges in this country has increased from 6 to over 
150, and the engineering enrollment from about 1,000 to 
over 50,000. The rapid growth in the number and in the 
enrollment of the engineering colleges of this country 
during the past 70 years is an indication that there has 
been public approval of the type of education offered by 
these institutions. To an increasing extent industries, 
utilities, and public works are dependent upon engineering 
college graduates for the solution of their technological 
problems as well as those of an administrative and execu- 
tive character. It is significant, for example, that nearly 
all of the major executives of electrical manufacturing 
industries and of electrical utilities are graduates of engi- 
neering colleges. 

Engineering of a century ago was mainly an art. Thus, 
engineering colleges during the earlier years of their exist- 
ence stressed manual dexterity; they were concerned 
more with training for the acquirement of skill than with 
education in basic principles; they placed major emphasis 
upon studies which led to usefulness immediately after 
graduation and not upon general educational values. De- 
velopments in transportation, mechanical power, com- 
munication, illumination, chemical technology, mining, 
metallurgy, manufactured gas, central heating, mechanical 
refrigeration, and other new industries and public utilities 
have resulted in a demand for special educational prepara- 
tion. Engineering colleges attempted to meet these new 
requirements by setting up numerous specialized engineer- 
ing curricula. In fact, there developed a tendency to 
magnify the differences between civil, electrical, mining, 
mechanical, and other branches of engineering. This has 
resulted in training specialists who are fairly well versed 
in one narrow branch of engineering but lack prepa- 


* Full text of an article ““Engineering and Engineering Education in the United 
States” republished with special permission from the January 1937 issue of 
“The Bent” of Tau Beta Pi. 

Doctor A. A. PotTER is dean of engineering, Purdue University, Lafayette, 
Ind.; also, president of the American Engineering Council, past-president of 
The American Society of Mechanical Engineers, and past-president of the 
Society for the Promotion of Engineering Education. 
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Because it is considered to be timely, informative, 
and lucid, this article is republished* here so that 
the many members of the Institute who are inter- 
ested in, but not intimately associated with, the 
field of engineering education may have the 
benefit of a reflection of current practices and 
trends in engineering education as seen by a 
recognized authority in that field. 
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ration in basic theory and 
an appreciation of the work 
of other engineers. Actually 
the work of the engineer in 
practice has not followed 
these branches of  special- 
ization set up by engineering 
colleges and the engineering 
societies, but has been or- 
ganized largely along the 
functional lines of research, design, production, opera- 
tion, and sales. 

Meanwhile the underlying sciences have been growing 
complex as rapidly as have their applications to industry. 
Also, organized society has become diversified even more 
rapidly than either. Thus the gap between what the in- 
coming freshman student knew and what the engineer 
in practice was expected to know became too broad to 
bridge in 4 years. During the past 30 years there has been 
a definite trend away from the purely utilitarian and 
specialized in engineering education. The engineering 
colleges have given up the idea of trying to train, in a 4- 
year undergraduate curriculum, specialists for the various 
fields of application. The best of these institutions have 
been tightening their entrance requirements, and have 
been concentrating upon subjects which are basic and 
which the student has difficulty in acquiring by his own 
efforts. While the scope and range of the engineering 
field has been constantly broadening, increased emphasis 
is now being placed by engineering teachers upon funda- 
mentals. Completeness of details is being subordinated 
to thoroughness. The providing of a background of engi- 
neering knowledge is not being considered as important 
as development of ability to reason logically and to arrive 
at truth by observation and analysis. The time given to 
informational courses is being greatly reduced and an 
effort is being made to awaken the creative instinct of the 
student, and to stimulate independence of thought and 
self-reliance. Specialization is being definitely discouraged 
for undergraduates, but is given a place in connection 
with research in the graduate programs of study which 
lead to the higher degrees. 

Contrary to the general impression, undergraduate 
engineering instruction is not purely technical, but has 
been planned so that the undergraduate student devotes 
about one-half of his time to science, mathematics, and 
the humanities. Nearly all engineering undergraduate 
curricula include required courses in English, history, and 
economics. Ina number of engineering colleges the under- 
graduate program of study permits electives in psychology, 
sociology, accounting, personnel administration, businesss 
law, banking, corporation finance, and other courses 
which are helpful to the student in acquiring an under- 
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standing of social and economic problems. To an increas- 
ing extent, engineering students are receiving instruction 
in industrial engineering and management. It is the 
general opinion, however, that extended business training 
should not take the place, in an engineering curriculum, 
of basic instruction in science and technology. 

The growth of junior colleges and of lower and upper 
divisions in universities has brought to the front the 
relative advantages of the unified program in which the 
scientific, technological, and humanitarian studies form 
an orderly whole in an engineering curriculum, as con- 
trasted with the divided process having two years of a 
general college or pre-engineering curriculum and a subse- 
quent purely technical curriculum corresponding to the 
practice of law, medicine, and dentistry. The conclusions 
of the exhaustive survey made under the direction of the 
Society for the Promotion of Engineering Education 
during 1922-1929 favor the 4-year unified engineering 
college undergraduate curriculum with unity of supervision 
rather than the divided program under separate ad- 
ministration. 

While the soundness of the unified 4-year engineering 
undergraduate curriculum cannot be questioned, concen- 
tration on collegiate forms of education seems to have 
resulted in the neglect of other forms of technical educa- 
tion. There are no doubt too many institutions in this 
country offering engineering instruction of collegiate 
grade. Adequate training facilities for trades and crafts 
are also available. However, there is a need for specialized 
technical training which can best be given in a post- 
secondary type of school, recently designated as a ‘‘tech- 
nical institute.’’ This type of institution is similar to the 
technical middle schools of Continental Europe and trains 
for callings and functions between the skilled crafts and 
the scientific professions. Industry apparently needs for 
every engineering college graduate 3 people trained in 
this type of post-secondary school, where the instruction 
is more intensive and more specialized, and the program 
of study is shorter than that of colleges. 

Until very recently, the interest of engineering colleges 
has centered in undergraduate instruction, as industry 
and the engineering profession have given inadequate 
recognition to resident graduate study. However, during 
the past decade graduate study or some other form of 
advanced study has become a necessity for the higher 
-echnological posts of industry. In several cases industries 
nave perfected special arrangements with the educational 
nstitutions of their localities so that the engineering col- 
ege graduate may complete requirements for higher 
legrees by pursuing advanced study while he is gaining 
ndustrial experience. Growth in graduate study has been 
yarticularly noticeable since 1930, as many of the unem- 
loyed have been striving to improve their education. 
Sraduate study is now receiving definite encouragement 
1t a number of engineering colleges as the preparation of 
heir staffs has improved and as better research facilities 
ave become available for the solution of new and ad- 
vanced problems. 

Doctor William E. Wickenden, in his final report as 
lirector of the survey of engineering education by the 
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SPEE, made the following pertinent statement about 
post-scholastic study: 


The most serious deficiency in engineering education is not so 
much in matter taught or omitted in college, as in allowing the 
orderly process of education to stop, where it often does, at gradua- 
tion. To require all engineering students to remain 5 or 6 years 
in college would be an arbitrary solution, but an artificially simple 
one.—It seems that the most urgent educational task now before 
the engineering profession is to create and direct an effective program 
of continuation education for the first 5 years after graduation from 
college. 


The engineering profession has, in the past, taken little 
active interest in shaping or in directing engineering 
education. What aid has been given to engineering educa- 
tion by engineers has been largely individual and unofficial 
and has not represented the concentrated thought or 
the united action of the engineering profession. It is, 
therefore, gratifying that the recently formed Engineers’ 
Council for Professional Development, representing as it 
does the leading engineering societies, has its program 
focused upon the educational preparation of the engineer. 
This council has set as one of its main objectives definite 
encouragement for the further personal and professional 
development of the college graduate as a qualifying stand- 
ard for certification into the engineering profession. 

In planning for the future of engineering education it 
may be desirable to give consideration to the following 
matters: 

The undergraduate engineering college curriculum, 
concentrated on the underlying fundamentals, should be- 
come an accepted form of modern collegiate education, as 
it acquaints the student with the processes, devices, and 
methods which make our civilization distinctive. Cultured 
people are those who understand their environment—the 
world in which they live—and no type of education so 
directly assists the individual to understand his present 
surroundings as engineering education. Some of the 
graduates of engineering college should be encouraged 
to continue their preparation for engineering as a career, 
but a much larger number should be assisted in qualifying 
to enter the other professions, business and public service. 

Considerable pressure is being brought to bear upon 
engineering colleges to inerease emphasis upon business 
procedure and industrial management. Doctor R. E. 
Doherty, president of the Carnegie Institute of Tech- 
nology, is of the opinion that in our enthusiasm to train 
leaders for industry we must not forget to provide an 
educational preparation and a promising outlook for 
technical engineering leadership. President Doherty’s 
warning is timely. Technical engineering leadership and 
scientific positions must be made worthy and promising 
on their own score and not merely as a stepping stone for 
executive and administrative positions. Furthermore, the 
requirements for a successful executive are a broad range 
of knowledge and a disciplined mind to attack new 
problems. All that the engineering college can hope to do 
is to lay a foundation upon which the graduate may build 
in preparation for technical or executive responsibilities. 
Patrick Henry has well stated: “I know of no way to 
judge the future but by the past.”’ It is only by giving our 
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students a broad foundation that we can properly prepare 
them to cope with the changing conditions of our times. 

Greater attention must be given to economic and 
historic studies so that the engineer will have a better 
appreciation of the co-ordination of technology and eco- 
nomics as well as of the science of government which 
controls his affairs. During the past year several engineer- 
ing colleges have announced special curricula as prepara- 
tion for public service. The functions of government are 
becoming more and more technological in character, and 
to an increasing extent the engineer’s activities are con- 
cerned with public works. It is therefore becoming more 
desirable that all engineers have a better appreciation of 
the relation of engineering to the public and to its agent— 
the government. All intelligent people must take an active 
interest in public questions, as only under a stable govern- 
ment can one make the best use of his talents. 

It may be well to give greater attention to studies which 
will prove helpful in acquainting the student with in- 
dustrial working conditions, tendencies in industrial 
organization and legislation, and other matters which may 
enable him to appreciate the human problems he will 
encounter. The engineer must know the human element 
if he is to utilize most effectively the work he designs or 
builds. 

The engineer of tomorrow must have a thorough scientific 
preparation if he is to make full use of the foundations 
laid by science. Science and technology are interdepend- 
ent, and the future progress of one depends upon the other. 
There is a trend toward more thorough instruction in 
science and mathematics, and for the general broadening 
of basic theory in engineering instruction. Quality rather 
than quantity is the guide in revising programs of study, 
as the superficial familiarity with many subjects is less 
valuable than the complete mastery of a few. 

College graduates are found to have difficulty in recog- 
nizing and in appreciating true values. A better co- 
ordination of the educational and social activities of the 
undergraduate may prove helpful. More of the engineer- 
ing undergraduate studies should be administered by 
socially minded professors. A more accurate appraisal 
of college student activities may also prove desirable. In 
a number of industries, art and beauty have recently 
changed deficits into profits. American industry has 
become aware of the remarkable potency of beauty. Art 
as a living thing will have to be appreciated by the engi- 
neer of the future. 

Engineering colleges will do well to devote more atten- 
tion to the development of desirable personality traits 
in their students, such as a good address, an agreeable 
manner, a cheerful attitude, a co-operative ability, a 
pleasing disposition, and similar traits which are helpful 
to the professional man in taking his place in society. 

A most important objective of all education is the 
development, on the part of youth, of worthy ideals of 
character and conduct. The stability of society and the 
basis for authority in a democratic government depend 
upon the character and ethical standards of people. It 
is the duty of all types of schools, colleges, and universities 
to inculcate high ethical standards, and particularly dur- 
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ing the adolescent period of youth when one is highly 
susceptible to the call of high purpose and refined ideals. 

There is always a demand for people of initiative who 
have the power to think independently and constructively. 
We are living in an age which places a premium on initia- 
tive, the power to take the lead, to plan, to originate. To 
develop such traits, students, must be encouraged to take 
new paths, to try new experiments, to look into the un- 
known. To develop the creative leaders of the future, 
our college students must have opportunities to come in 
contact with teachers who are in search of nature’s 
truths. Engineering progress is dependent upon research, 
and new knowledge is absolutely essential for the advance- 
ment of engineering education. Furthermore, effective 
graduate instruction must be accompanied by active 
research interest on the part of the staff. Engineering is 
a profession of progress, and the future advances in 
applied as well as in pure science will depend upon co- 
ordinated and organized research. During recent years 
research problems of great magnitude have been success- 
fully solved by engineering colleges as a result of co- 
operative relations with industry. Engineering societies, 
trade associations, industries (both large and small), and 
public utilities have found that money invested in re- 
search at carefully selected engineering colleges paid big 
dividends, not only in practical results secured but also 
in increasing the supply of engineers who have the prepara- 
tion to extend the frontiers of useful knowledge. The 
best engineering colleges are not satisfied with teaching 
and the conservation of knowledge as their only function. 
They realize that efficient technological instruction must 
find expression in the application of research. Such 
institutions are always ready to encourage their staffs 
and their students to extend the boundaries of engineering 
and other scientific knowledge. American industry has an 
opportunity to aid in improving the preparation of engi- 
neers and scientists by stimulating research in pure and 
applied science at technological institutions. Such sup- 
port will result in advancing basic knowledge in science 
and engineering, will increase the supply of well trained 
personnel for the research laboratories of industry, and 
will insure a greater number of people who have intellec- 
tual curiosity and ability to extend the frontiers of 
knowledge. 

Engineering touches the life of every person in an in- 
dustrial nation, so that the general well-being is vitally 
dependent upon the education of the engineer. From its 
origin and nature, the engineering college has in the past 
fallen short of the prime glory of the so-called classical 
or liberal arts college, which has been fairly successful in 
inculcating in the minds of its students a strong sense of 
personal responsibility to their order, their country, and 
their civilization. This may be partly responsible for the 
fact that engineers have been in the past too much con- 
cerned with the problems of their specialty, and have given 
little attention to the wider significance of their work or 
to their social responsibilities. Engineers are expected 
to think more, to write more, and to talk more on social, 
political, and economic problems in order to be able to 
assist in their solution. The engineer must assume the 
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responsibility of social leadership along with representa- 
tives of other major professions, in order to aid in stabiliz- 
ing our national economy and to insure a truly democratic 
government. ri 

American engineering colleges have a great responsi- 
bility in meeting the demands of the times so that their 
graduates will be capable as engineers and will also have 
the well-rounded ethical standards and broad interests 
valid in any professional group. The engineer of today 
must have a thorough preparation in science and tech- 


nology, as well as an appreciation of aesthetic values, 
economic forces, and social trends. At the same time, 
he must be interested in government and must be con- 
scious of the fact that the stability of our type of govern- 
ment depends upon citizens—citizens with worthy ideals 
of character and conduct; citizens who are obedient to 
law; citizens interested in the common good; citizens 
tolerant of the lawful rights of others; and citizens who 
realize the interdependence of human rights and property 
rights. 


Part-Time Courses for Graduate Engineers in Chicago 


By H. T. HEALD 


Member, The Society for the Promotion of Engineering Education 


development of graduate work in engineering during 

the past 15 years, and know that graduate regis- 
trations have greatly increased during this period. The 
increasing importance of graduate training suggests that 
in large metropolitan communities opportunities should 
be provided to enable young engineers to carry on a pro- 
gram of advanced study through part-time classes while 
regularly employed. 

Beginning in 1935 the Western Society of Engineers in 
Chicago has directed the attention of its education com- 
mittee to this phase of education. . . the assignment of 
making a study of the facilities for part-time graduate 
education for engineers and for developing a plan 
whereby the Society might encourage this type of work. 

The study carried out by this committee disclosed 
that approximately 8,000 engineers between the ages of 22 
und 34 were employed in the Chicago area, and that, while 
vdequate provision for undergraduate training was avail- 
uble in evening classes, very few advanced courses were 
yeing offered by Chicago colleges, aside from a limited 
srogram begun at Armour Institute of Technology in the 
pring of 1936. Various engineering societies had from 
ime to time sponsored lecture courses, some of which 
proved quite successful, but the committee felt that any 
comprehensive program should be carried out by the 
egularly established educational institutions. Conse- 
juently, the co-operation of the University of Illinois and 
he Chicago colleges and universities was invited, and a 
lan developed for a program of courses to begin in the fall 
f 1936, to be sponsored jointly by the Western Society 
f Engineers and the educational institutions. 

As a result, graduate courses for engineers are now being 
ffered on a part-time basis by the University of Illinois, 
\rmour Institute of Technology, Lewis Institute, and the 
Jniversity of Chicago. Courses for the first semester 
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included one class in continuous frames offered by Profes- 
sor Hardy Cross, through the extension division of the 
University of Illinois, at the rooms of the Western Society 
of Engineers; 9 courses, including Diesel engineering, heat 
and ventilation, alternating current networks, foundations 
and soil mechanics, water treatment, fuels and combustion, 
metallurgical materials of construction, advanced calculus 
and physics of electron tubes, by Armour Institute of 
Technology; courses in non-ferrous metallurgy, metallurgi- 
cal calculations, and differential equations by Lewis 
Institute; and electrodynamics and X-ray crystal analysis, 
as well as other advanced work in science, at the Uni- 
versity College of the University of Chicago. Approxi- 
mately 300 students enrolled in the combined group of 
courses in the fall of 1936, showing that a real demand 
exists for advanced work of this type. 

While it is undoubtedly true that only a portion of 
the students enrolled are interested in working toward 
an advanced degree, credits obtained are recognized by the 
respective institutions, and the program at Armour Insti- 
tute of Technology permits a properly qualified graduate 
to earn the master’s degree upon the completion of a 
minimum of 8 courses. Arrangements for transfer of 
credits between institutions are subject to the regulations 
of the respective schools. 

The Western Society of Engineers, functioning as a cor- 
relating agency, has made its library available to all 
students enrolled in these classes, irrespective of member- 
ship, and has issued announcements, covering the entire 
program, which have been mailed to 9,000 engineering 
graduates. 

During the current year the education committee of 
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the Western Society of Engineers, including both educa- 
tors and engineers, is studying the effectiveness of the 
program already being offered, and attempting to deter- 
mine the needs for additional work of this type. To assist 
in this study the committee plans to collect opinions from 
employers of engineers, as well as to take a census among 
a large number of engineering graduates, to determine the 
general fields of engineering in which there may be a de- 
mand for advanced study. This information will enable 
the colleges to relate their programs closely to the needs 


j 


of engineers in the Chicago area, and should be of material 
assistance in planning courses for 1937-38. 

Although the general program of graduate work for 
engineers employed in Chicago is still in a development 
stage, the response to the first year’s work has been par- 
ticularly encouraging. With proper development in 
succeeding years this type of work seems destined to be- 
come an important service to engineers who desire to secure 
additional professional training during the early years of 
their employment. 


After Graduation —What Then? 


By H. P. HAMMOND 


President, The Society for the Promotion of Engineering Education 


agreement is that it is notthe aim of the undergradu- 

ate curriculum to produce ‘“‘finished’’ engineers— 
men capable of engaging in responsible professional practice. 
It follows, therefore, since the profession is concerned in 
the eventual development of men capable of such practice, 
that consideration—very careful consideration—should be 
given to that phase of engineering education, and of pro- 
fessional development, which follows the stage marked 
by the award of the bachelor’s degree. This seems so 
obvious as scarcely to need statement, yet it is a matter 
to which very little constructive effort has been devoted 
and to which, until now, none has been directed by the 
profession as a whole. 

Some 4-year graduates will and should remain in 
college for more extended training. At present about one- 
sixth of those holding the bachelor’s degree continue their 
work for a fifth year and secure the master’s degree, and 
a smaller, but increasing, proportion go on to the doctorate. 
This is as it should be; the engineering college, while not 
the only place, is doubtless the best place, generally speak- 
ing, in which programs of advanced study and research 
can be conducted. For the bulk of our graduates, however, 
the formal part of their engineering education stops at the 
end of the 4 collegiate years, whether or not this is best 
is not the question now under consideration; even, how- 
ever, if the program of collegiate engineering education 
were extended to 5 years, or to 6, the fundamental question 
of the post-scholastic engineering education and the pro- 
fessional development of the young engineer would remain, 
demanding consideration of those interested in the wel- 
fare of the profession. 

What are the elements of this problem and how may it 
be approached? It may be worth while to summarize 
some of them even though they are already well and widely 
known. 


. PRINCIPLE on which there seems to be universal 
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There is, of course, the problem of fitting the man to 
the job, or the job to the man (happily there are now jobs 
to which men can be fitted). This phase of the problem 
is of concern to every administrative and personnel officer. 
Real progress has been made in connection with it in 
recent years. A committee of the Society [for the Pro- 
motion of Engineering Education] under the chairman- 
ship of Professor Bangs, of Cornell, has as its particular 
duty continued study of this matter. 

There is also the problem of giving the graduate—or the 
about-to-be graduated student—some comprehensive 
knowledge of the profession he is about to enter—of its 
professional organizations, of the opportunities it offers 
and the responsibilities it involves, and of its ideals and 
ethical standards. Some progress has been made in con- 
nection with this phase of the general problem, but ap- 
parently less than its importance deserves. Both the 
schools and the profession have a direct responsibility in 
relation to it. 

Every graduate who plans to follow engineering practice 
as a career should affiliate himself with the appropriate 
national societies and local groups of engineers and thereby 
identify himself as a member of the profession he is joining. 
While this may be considered as chiefly the concern of 
the engineering societies, it is one toward which the engi- 
neering schools should feel a sense of responsibility. 

Then there is the matter of the continuation of the edu- 
cation of the young engineer, and this is the chief problem 
to which these remarks are addressed. Heretofore our 
profession has done, or perhaps it might be fairer to say 
has been able to do, very little in this connection. In 
some urban centers an increasing number of graduates are 
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wailing themselves of opportunities for post-graduate 
nstruction offered in evening hours by colleges of the vicin- 
ty. In some industries, but almost exclusively in the 
argest, training programs are provided which range from 
‘egular study of a post-graduate nature to planned 
sequences of experience in various departments of the 
company. But on the whole there is little or nothing 
in our profession that serves the purpose of the period of 
systematic apprenticeship which the medical graduate 
experiences during his interneship. Up to the present 
time no means have been available of assisting or of 
guiding the graduate who feels the need systematically 
to continue his education through self-directed study. No 
greater need or opportunity exists for. the engineering 
profession today than in this respect. 

And finally there is the matter of informing the graduate 
of the requirements and procedures of the registration 
laws in the several states. The college and the profession 
jointly have an important responsibility in this connection. 

Until the present time the various aspects of the induc- 
tion of the graduate into his career and of his professional 
development and advancement have been dealt with only 
sporadically; the profession as a whole has not united in 


considering the matter or in providing means for dealing 
with it. The reason for this has been chiefly that no agency 
has existed through which a common program of effort 
could be undertaken. Now, happily, that lack no longer 
exists. The Engineers’ Council for Professional Develop- 
ment, upon which the interest of the colleges has centered 
recently in connection with the accrediting program, has 
the broader purpose indicated by its title—professional 
development. Accrediting of schools, though a vital matter, 
is but one phase of the broader program which the council 
has undertaken. Matters relating to the personal and 
professional growth and development of the graduate as 
an engineer and a citizen are being dealt with by one of 
the council’s committees, that on professional training. 
It was the inauguration of the program planned by this 
committee on which Past-President Rees [of SPEE] 
was actively engaged at the time of his death. O. W. 
Eshbach [chairman, AIEE committee on education] is 
now serving as the chairman of this committee, which is 
continuing the work along the same lines as those originally 
laid out. The work of this committee is of vital importance 
to the entire profession. It deserves to be supported and 
assisted . . . as need and opportunity arise. 
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By C. W. DUNHAM 


Port of New York Authority 


only as perfectly as his own means of expression 
and the other’s understanding of it will permit. 
Most people in our country are limited to the use of just 
one tool for this purpose—the English language. 
great a part it plays in our lives! 
should be its development! 
weak in their mastery of it. 
In the past we have given much study to the determina- 
tion of the best curricula for the undergraduate work of 
our engineering colleges in order to give our young en- 
gineers the best possible preparation for their life work. 
My own contacts with graduates for the past 16 years 
indicate that the results have been good as far as technical 
education is concerned. However, young engineers are 
generally deficient in their ability to express themselves 
with effectiveness and facility, whether orally or in writing. 
Those who are really capable in this respect are the ex- 
ceptions rather than the rule. Yet, unfortunately, many 
of the impressions which create the “‘boss’s’”’ idea of a 
man’s ability are secured through the latter’s use of 
English. Therefore, it is tremendously important for a 
young man to be competent in handling this great means 


A MAN is able to convey his thoughts to another person 


How 
How great, then, 
Yet engineers are notoriously 
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of conveying his thoughts and knowledge if he is success- 
fully to hold a position of leadership among other men who 
are well trained in this respect. The question naturally 
arises, ‘“‘What can be done about it when the time and 
capacity of the students are already strained to the limit?” 

Obviously, it is unwise to keep piling course upon 
course in undergraduate curricula. This should not be 
necessary in order to attain the desired result. Day after 
day the students are steeped in the study of mathematics, 
sciences, and similar subjects, but all these studies are 
carried on through the medium of the English language. 
Why then, cannot the development of the use of this 
medium itself become a well-planned though almost 
unconscious part of all studies? 

Naturally, in this connection, the desired goal is the 
development of the ability to use the ordinary written 
and spoken words of everyday life with facility, to write 
concisely and well, to think straight, and to speak clearly 
and effectively while on one’s feet before people as well 
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as in the quiet of one’s study. Not only the faculty 
members but the students themselves should realize the 
importance of these attainments. 

To accomplish this goal the study of English should 
commence as soon as the student enters college and it 
should continue until he graduates. The faculty of the 
English department should teach the theory of writing 
and effective speaking, but the practice of its teachings 
should be carried out day after day in the other departments 
by having the closest kind of co-operation among them 
all. The English professors in a few hours each week 
should not be expected to counteract the effect of careless 
or bad habits formed elsewhere. These other depart- 
ments should insist that all written examinations, reports, 
theses, and similar work of the students must be satis- 
factory in composition as well as in subject matter. Oral 
interrogations or recitations should be held in order to 
give valuable practice in quick thinking and extempo- 
raneous speaking. These last will also give the students 
the incidental benefit of listening to the questions and 
answers of others. 

Of course, such a program will require painstaking 
work on the part of the teachers. However, the possibili- 
ties for real service are too great to be neglected. 

The classroom is not the only place where practice in 
the use of the English language should take place. Com- 
petition in public speaking, participation in the work of 
the college paper, preparation of essays and their pres- 
entation at meetings of the student branches of the 
engineering societies, discussion of such essays, prepared 
and extemporaneous debates, and similar activities 
should be a regular part of the college life. 

I shall try to illustrate the need of this training and its 
benefits by giving a few examples from the experiences of 
engineers whom I know. All are true cases even though 
the names of the individuals are not disclosed. 

A chief engineer wanted someone to study a certain 
bridge project and to make a report upon his findings. 
As it happened, the engineer who usually did such work 
for him was on his vacation, therefore, the problem was 
assigned to a younger man. The latter made the neces- 
sary investigation and estimate, then hastily compiled his 
report. He delivered it in person to the chief engineer. 
The latter read it in the presence of the assistant chief 
engineer and the author. He figuratively tore it to 
pieces because of its poor form and composition although 
he did not criticize the correctness of the figures. Ob- 
viously, that young engineer suffered much more than 
injury to his feelings. 

In another instance a young designer was asked to help 
with some specification writing during an emergency. 
He soon demonstrated such clearness and exactness in 
writing that he was transferred to this part of the organi- 
zation, receiving at the same time a substantial raise in 
salary and an advance in title. Some of his fellows failed 
to realize that the reason for his promotion was an ac- 
complishment whose value they had overlooked. 

The preparation of specifications is a good example 
of the need for exactness in writing. Repeatedly, trouble 
develops from their indefiniteness or misinterpretation 
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of them. One case centered upon one short descriptive 
phrase of four words which the contractor claimed meant 
something entirely different from the intention of the — 
author. The dispute was finally settled with a loss of 
about $75,000 to the owner. i 

In another instance a company wished to carry on a 
lecture program to advertise its engineering services, 
One of the concern’s lawyers was assigned to the job. 
After the first attempt he was recalled because he did 
not have the technical background to answer the questions 
put to him. An engineer was then sent out to carry on ~ 
the work. His knowledge was sufficient but his pres- 
entation of the subject was so uninteresting that he too 
was recalled immediately. The program finally had to — 
be finished by a few of the men higher up in the company © 
who took turns at the job. The effect of this affair upon 
the first 2 men needs no comment. 

A different kind of case is that of a company which sent . 
one of its engineers to confer with a customer about | 
difficulties that had arisen between them. The engineer 
understood the matter well enough, but he could not — 
discuss the details calmly and clearly. He soon became 
antagonistic in his attitude and failed miserably in hisl 
mission. The result was an oral order by the chief 
engineer stating that this man must never again be per- . 
mitted to represent the company in such matters. His 
future progress was wrecked. One might say that this 
case represents poor character rather than weakness in — 
the use of the English language. However, knowing the 
individual as I do, I believe that his failure was due 
largely to inexperience in debate and in controlling his 
speech under difficult circumstances. 

Another case concerned 2 young engineers who were 
about equal in technical ability. The first seemed to be 
afraid to express himself and to present his views. When 
he attempted to do so he was inclined to be hesitant and 
unconvincing in his speech. The second was unafraid, 
forceful, yet tactful and clear in his discussions. The 
result was that the second young man steadily forged 
ahead of the other. Such things have happened too fre- 
quently to be commented upon further. 

It seems to me that there are 2 sides to this matter of 
correct and effective use of English which one should 
master. The first is the attainment of a good vocabulary 
and knowledge of what is right and proper composition. 
The second is the development of courage and ability 
to get on one’s feet, to say something worth while and 
to say it well. These can be mastered by the students 
only if they are given long-continued practice in writing 
and speaking in college until they become so accustomed 
to expressing themselves properly that eventually they 
are able to concentrate their minds upon their ideas rather 
than upon the search for words to express those ideas. 

In conclusion, let me urge that proficiency in the use 
of the English language be given one of the chief places 
among the goals to be striven for by our engineering 
students. Let it be attained by the whole-hearted co-opera- 
tion of the entire faculty of the colleges. Thus will our 
young engineers go forth to Life possessing one of the 
great qualifications for success. 
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Part I: 


By C. L. GILKESON 
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Synopsis 


of power-system faults to ground are presented here- 

with. While this study was made primarily to 
obtain data useful in inductive co-ordination problems, 
the results are believed to be of general interest as well. 
They provide data on such items as frequency of occur- 
rence of ground-current disturbances, their monthly dis- 
tribution, duration, cause, method of clearance, and 
wave-trace characteristics. Data on fault resistance are 
given in part II, a companion paper. 


Ts: RESULTS of an extensive oscillographic study 


Introduction 


In connection with a study of low-frequency residuals 
and methods for their control, conducted by the Joint 
Subcommittee on Development and Research of the Edison 
Electric Institute and the Bell Telephone System with 
the co-operation of several power companies, numerous 
oscillographic records of power-system currents and volt- 
ages at times of disturbances producing ground current, 
together with information as to the cause and nature of 
the disturbances, were obtained. Records were secured 
from 10 systems which were under observation for periods 
ranging from approximately 1 to approximately 5 years. 
These records have been analyzed from various stand- 
points to provide information as to characteristics of 
power-system faults and disturbances which involved 
ground current. Since some disturbances were self- 
clearing and some were due to reclosures on sustained 
faults, switching, etc., a somewhat special meaning has 
been attached herein to the terms ‘‘disturbance’’ and 
“fault” to facilitate the analysis of the data, namely: 


Disturbance. Each individual oscillographic record of abnormal 
60-cycle current, irrespective of its cause or duration, represents a 
disturbance. 


Faults. The number of faults was arrived at by eliminating from 
the total recorded disturbances those having a duration of one 
cycle or less, and those which the power-system trouble records or 
the oscillogram characteristics indicated to be recurrences of, or 
reclosures on the same case of trouble. The word “‘fault’’ is there- 
fore used to distinguish the disturbances which were probably 
associated with initial dielectric failure from the total number of 
disturbances recorded. The requirement of more than one cycle 
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duration for faults was arbitrarily chosen to eliminate from this 
classification brief surges, many of which were attributed to switch- 
ing, paralleling of 2 systems, etc. 


The data presented herein apply, with minor exceptions, 
solely to disturbances producing earth-return current and 
are not concerned with disturbances resulting from phase- 
to-phase or 3-phase faults except to the extent that these 
may develop into ground faults as well. 

The information given in this paper may be roughly 
divided into 3 main classes, relating, respectively, to 
(1) the monthly and yearly frequency distribution of dis- 
turbances and faults, (2) classification of disturbances to 
determine their cause and nature, this classification being 
based on power-system trouble reports, and (3) certain 
characteristics of troubles, such as duration, manner of 
fault clearance, and number and sequence of phase wires 
involved, this information being deduced principally from 
the appearance of the oscillographic records. 


Source and Nature of Data 


The power companies who participated in the collection 
of the data and whose co-operation made this study 
possible were the Appalachian Electric Power Company, 
Central Illinois Light Company, Central Illinois Public 
Service Company, Superpower Company of Illinois, 
Dayton Power and Light Company, Pennsylvania Power 
and Light Company, Philadelphia Electric Company, 
Potomac Edison Company, Public Service Electric and 
Gas Company, Tennessee Electric Power Company, 
Union Gas and Electric Company, and Wisconsin Public 
Service Corporation. : 

The power systems utilized in the study are all located 
in territory where, according to data of the United States 
Weather Bureau,! the average expectancy of thunder- 
storm days per year is from 30 to 60. They cover an 
operating voltage range from 26 to 220 kv; some of 
them operate with directly grounded neutral and others 
with neutral grounded through impedance. Certain 
relevant characteristics, such as system voltage, circuit 
mileage, method of grounding neutral, and extent and 
kind of ground wires utilized are listed in table I. 

For recording disturbances, automatic oscillographs 
were used. They were tripped, in most cases, by residual 
or neutral current and were provided with means for 
photographing the time of occurrence of each disturbance. 
Provision was made for recording neutral, residual, or line 
currents in all cases and for recording positive- and 
negative-sequence and line-to-ground voltages in some 
cases. All oscillographic records were correlated as far 
as was practicable with power-system trouble records. 
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The yearly and, in most cases, the average yearly fre- 
quency of occurrence over several years, of disturbances 
and faults involving ground current are shown in table II 
for the various systems. This classification was made 
only for the 7 systems from which suitable data were 
obtained and only for the calendar years for which the 
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Monthly distribution of disturbances recorded during entire periods of obser- 
vation; systems A to J, inclusive, 26 to 220 kv 


data were practically complete. 
The data indicate, in most 
instances, considerable variation 
from year to year. The most 
ee a important cause of this variation 
85 is probably the varying severity 
of lightning storms in different 
years. This is well illustrated by 
the fact that weather reports for 
the city around which system B 
centers show that there were 51 
days on which thunderstorms oc- 
curred in 1931, compared with 30 
in 1930. 


TOTAL RECORDED 
DISTURBANCES 


147 
1018 


MONTHLY DISTRIBUTION 


The monthly distribution of 

the disturbances recorded for the 
eee entire periods of observations on 
ass each of 7 systems are shown in 

figure 1. Systems G and I do 
m not show as great a seasonal varia- 
Te tion as the other systems, prob- 
ably because these systems have 
more effective protection against 
lightning. System J, which oper- 
ates at the highest voltage, shows 
a decided seasonal variation, due 
to the fact that a part of the line mileage is in hilly ter- 
ritory subject to severe electrical storms, and because, 
at the time of these observations, one section of line 
did not have effective ground-wire protection. 

In figure 2 are shown 3 average curves of monthly dis- 
tribution of disturbances. The 2 broken-line curves were 
prepared by averaging the percentages shown in figure 1 
for the systems operating at voltages from 26 to 44 kv 
and 66 to 220 kv, respectively. The solid-line curve is a 
probability curve, based on the percentage data from all 
systems. 
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Power Voltage Wood Steel 
System Ky Pole Tower Cable Total Number Type Ground Wires Remarks 

RAT ucteenate 26 cr ues TAO MecmP haere ven et BO}reate aa 70m eet i ..75-ohm resistor . .None . .Sequential observations on 2 similar 
networks 

BSS ore ths BE he Ae A QUO pies’ s.3 Die raga och ste 400% vein. 1 ....80-ohm resistor . Some low conductivity....*Equivalent zero-sequence imped- 

1 ....Grounding bank* ance—540 ohms 

Cianiaave Chis canine D5 forte ete Aertel: Si eeeoate sce « 20 orm 4 . Solid . .Some low conductivity 

Dies sane OUR ros 64iSee remarks cy cord ann aceite s excrete aucun aeiviade a ays Solid ...Some low conductivity....Only one 64-mile wood-pole line 
under observation 

Drees 44 or. tee LOB Bre cats.4 BAD RTE R A Ae ais OB One es 1 . .150-ohm resistor . .See remarks . .72-mile high conductivity; remain- 
der low conductivity or none 

Berit sits gE Porat DUB PERG cae winieateeseeee dietan re eras WV Oiscen ted 2-4 Solidita's fotcrescate wis ntecetncestan ke PAO Ube a Caer Two grounds at first, others added 
later 

Giinrers 2 ei0 GB cireess ZOO Ges eo aN am rien 1 Feeniciee SL enerie 1 ....80- or 60-ohm resistor. ...Low conductivity ...Switching arrangements permit re- 
sistance of 30 or 60 ohms 

Sie area PDO earrsn yapacen se. ei euarey sloPae eae Bs, ate BBE ors din, sisi tryielereintes Solid . .Low conductivity ..Numerous neutral grounds on this 
system 

B vse ica EPR SO RinORRPR ED NOG Morecrt neat starters GY fastener 1 to 4....Solid .. High conductivity ..Number of grounds gradually in- 
creased from 1 to 4 

Boon OL PO Oi arsteush tteanstebotehetere BOS co meri eitnatiey os OHS Rigg oa 4 to 5....Solid .. High conductivity ex-....System mileage changed from 234 

cept one section for to 354 
portion of period 
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Correlation Results 


Wherever practicable, the oscillograms obtained from 
each power system were correlated with power-system 
trouble records. In the case of system F, correlation 
was obtained for oscillograms of voltages induced in an 
inductively exposed telephone line as well as for the 
neutral-current records, thus increasing the amount of 
usable data from this system. The correlation provided 


various classifications, some of the items are explained in 
more detail at the end of the table. 

In obtaining correlation between the oscillographic 
records and power-system troubles for system E, more 
attention was paid to the geographical location of the 
fault and the actual damage to the system than to the 
primary cause of the disturbance. For every other power 
system included in this report, the primary cause of the 
disturbance was given first consideration, but the corre- 


Table II—Disturbances and Faults per Calendar Year per 100 Circuit Miles of Transmission Line 
(Only Those Producing Ground Current) 


1930 1931 1932 
Circuit Dis- Circuit Dis- Circuit Dis- 

Power Miles turb- Miles _ turb- Miles turb- 

System 
PA DO Gin yas eles cs 'wien0/ecocs oe peteutete Wee 169 Bai kite A ao Se aya 16 
B=83 Kv. ois. s 360 36 28 .400.... 64. 41....400....55. 35 
SSW eS orci is forse, atetueerd iris etetace: a einvetenalieie auareis eis (ye 250....80. 54 
LO SZ eo oe ae eae ee ae eae 535....108....45 .535....94. 48 
CHAO [SoC ROS EID ODES Omer or 313.. PSr es, Ooaa tad stnr wether esos 
HVS 2EV cies 3 167 6 5 1G675- Lee Cle Pe Nite aria. CHIE 
J—220 kv..5..+ 234 11 10 306.. 10%. 9 3 6 6 


information as to one or more of the following items: 
(1) whether or not a disturbance was noticed on the system 
at the time an oscillogram was obtained, (2) cause of dis- 
turbance, (3) number of phase wires involved, (4) how 
cleared, i.e., whether self- or circuit-breaker cleared, 
(5) location of disturbance (line involved and more definite 
location if known), (6) damage, if any, to the system, 
(7) any other pertinent information which was available. 
In table III is given, where practicable, a classification 
of all correlated disturbances in accordance with the 
attributed primary cause of the disturbance and the 
nature of the trouble experienced on the power system. 
As mentioned earlier, only disturbances producing ground 
current, that is, one or 2 line-to-ground or unbalanced 
2 phase-to-ground disturbances are included in these data. 
In order to show exactly what has been included in the 


—-— SYSTEMS A-B-C-E~-26 TO 44 KV. 
SYSTEMS G-I-J-66 TO 220 KV. 


——————— ~PROBABILITY CURVE - SYSTEMS A TO J, INCL.~ 
26 TO 220 KV. 


PER CENT OF TOTAL DISTURBANCES 


JUN. 
MONTHS 


Fig. 2. Average curves for monthly distribution of disturbances 


APRIL 1937 


NOTE: CURVES PREPARED FROM DATA 
OBTAINED DURING ENTIRE PERIOD 
OF OBSERVATION ON EACH SYSTEM. 
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1933 1934 1935 Average 
Circuit Dis- Circuit Dis- Circuit Dis- Dis- 
Miles turb- Miles turb- Miles turb- turb- 


of Line ances Faults of Line ances Faults of Line ances Faults of Line ances Faults of Line ances Faults of Line ances Faults ances Faults 


- 169. 295-20 169....13 10 LU 2iatvet Or 8 185 ..13 
SUS OG OOD Onn MrmGnOe OOOO Onno Ho coon Strona ohodad. Dag ad 52....35 
.250....108... .69 Da Vecortwloce adnan popssaanouosoduniees6 93....60 
535.... 85... .36 535....88....46....535 65ers oO" eon ae 
Mea tritici eiaG ce Fe rie AO ne ee Oe enn Me PRS Oc 1B one ty 
AD OHO COROGEIO Coons Adatvonotec ht can dtaenm cama acum cmunes Joys Ouse tis 
354 Wetoo WUoAOOUDn COCO COL COMGM ON UO OOD Oe MOMS Oe CD OO Sie eS 


lation, especially with regard to lightning as the primary 
cause, is by no means considered perfect for any system. 
The correlation is probably the best for systems A, J, 
and J, but it is thought that the percentage of records 
directly attributed to lightning is, in all cases, especially 
system E, too small. It is probable that most of the 
disturbances in items A-2 and 3 of table III were also 
caused by lightning. Consequently the sums of the per- - 
centage values of items A-1, 2, and 3 of table III are 
probably more nearly representative of the percentages 
due to lightning than are values in item A-1 alone. 

The values given in table III include all correlated dis- 
turbances, irrespective of their duration. While corre- 
lation of very short duration disturbances usually would 
not be expected, a number of those of one cycle or less 
duration were correlated as due to foreign objects in the 
line and failures at substations. 
It seems probable that these were 
mostly disturbances during the 
preliminary stages of dielectric 
failures, such as the spitting over 
of a transformer bushing just 
prior to breakdown. They were 
frequently closely followed by 
long-duration disturbances. For 
example, several consecutive os- 
cillograms were sometimes ob- 
tained showing an occasional 
half-cycle or cycle of the type 
illustrated in the central portion 
of figure 5, followed by an oscillo- 
gram of uniform wave shape of 
the type shown at the bottom of 
figure 5. (This particular illus- 
tration is a reproduction of one 
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continuous oscillogram, and according to earlier defini- Table IV—Wave-Trace Characteristics of Disturbances 
tion, represents one disturbance.) 


Classification of Wave Trace, Per Cent 


Fault Characteristics 


° Total Uniformly One Cycle Unable 
Deduced From Oscillograms Power Records Attenu- orLess _—to 
System Classified Uniform ated Irregular Duration Classify 
DuRATIONS OF DISTURBANCES AND FAULTS 
] A (20 kv)s-e. WAT Seta: 4210. eae pa men 34:0 Sota. 13-959 oe 7.5 
This portion of the analysis is intended to give, as 2 oe a Nore Ae arate ae Seitetae ar en ne We An DD a Lice ee 
4 a a ; AV) reratereusr aM Oud Riatersteters Wien occlleeta ote ac Olerateiarele! Ke Sinton “i 
nearly as possible, a representative picture of the dis- £ (44kv)...... 1062s. s00 BAS) ese oh Cate 22.7 ae ore 11:99 bees 8.0 
Spe i : : of (44 kv): Oe ance C50 nt Oe ie 100 eset 240 aan 0 
tribution of disturbances and faults with respect to their @ Geny..... SBM: 58.8...... Sone 1se75 8 20.0...... 2.4 
: ‘fou ; ; H (120 kv)...... Paes ivr 71.6 ets Pian oe $850.5 16:04 eae 0.9 
durations while involving ground, as determined from 1 (432 ky) 2.22: ashe 76bie ee Ca ee SS. see 5.0 eee 2.9 
oscillographic records of power-system neutral and residual J (220 kv)...... GIs ton: Tero Cet 0.0.eeoe 9.05502 10.3 


currents. The results for each of 8 power systems are 
shown graphically by the cumulative percentage curves 
in figures 3 and 4. The differences between the curves in 
these 2 figures, for corresponding systems, are due largely 
to the elimination of disturbances of one cycle or less 
duration from the curves applying to faults. 

Because of the multiple neutral grounding and system 
layouts, the durations for systems F and H, obtained by 
an oscillograph at only one location, were not necessarily 
the total durations of the troubles. For the other systems 
included in figures 3 and 4, total durations were shown by 
the oscillographic records. 


having uniform wave traces presumably indicate constant 
resistance faults and the others variable resistance faults. 
The results of this study are shown in detail in table IV. 
Wherever oscillograms showed one cycle or less duration, 
or could not properly be included under any of the 3 
classifications noted above, they have been placed under 
headings noting these facts. 

Some typical oscillograms illustrating these character- 
istics are shown in figure 6. In many cases, the basis for 
this classification was not as clear-cut as might be inferred 
from these illustrations alone. 


WAVE-TRACE CHARACTERISTICS 


The oscillograms of neutral or circuit-residual current MANNER OF CLEARANCE 


from each of 9 power systems have been classified in The determination of the manner in which a disturbance 
accordance with the characteristics shown by their wave _ cleared, i.e., whether breaker-cleared, self-cleared, or in- 
traces. Under this classification the oscillograms have volving some combination of these, was based on (1) 
been listed as those showing (1) uniform wave, (2) uni- correlation data and (2) appearance of the oscillogram 
formly attenuated wave, and (3) irregular wave. Those wave trace. On this basis, the oscillographic records 


Table II|—Correlated Disturbances Classified as to Primary Cause and Nature of Trouble 


Power System 
A B Cc E F G H I lj AtoF HtoJ 
Description 26Kvy 33Kv 33Kv 44Kv 44Kv 66Ky 120 Ky 132 Kv 220 Ky 26-44 Ky 120-220 
Ky 
Net disturbances used in the following classifications: 133 746 592 2171 84 84 65 29 110 oss a 
Meeeteer Centon INeSi sac 2 sieryels otasersieie in oiel seer etl el slo rsrsiiisde aialayere: ¢ei8i0 60.1. 3076.4. . 2.80.4... 61.2..... 46.4.5 3. COLT. 2. 0d. 95051 O9 One Ol Sees O4- 9 eRe oles 
Pe Per Cent. at SUDStATIONS. 2% 5c aicee shana py 0 bircln ete note Wee. e'e eee ge cie SSL ces OOo 11S. 6.28.9. SOO WSO t oe OOO ec taeeae Orta «dl Dl Oleer a nels Gaerne aaa 
3. Per cent—location Unknow? 60.0 6.0 syerd o6-0 6 0 050. caio vcaee oe vleae ae 6.8 D4 Sais, SiS ok 99. re 2SUGie ser Porsche tl aedic oc. cutlery Me ek nL os eee 


Percentages of Net Disturbances—See Above 
A. Classification as to primary cause 


iy AGRA a er inod a Ace 8006S SHO OA Le 0 ODO ROO OCLC COT IO BOT cis ore BheOise:e Ole velo the Cisreiiia dishes eeOordnleamOorsonie co leks OU) sae o:O manna om 
PBR TiMaLy, CAllSesAHKNO Wilts oe teieieisteleiereisidi-inds| stele) Giese at slele) <1atele wists 38.4... 18.6.2.9. 19805, c21.0 Fa. 20 2 FR ON Eo 4 Once Salon Slee nL OLS ae OS 
3. Cause, location, and type of trouble unknown................ BiB ials te LEM oicics Se Ornteve MO Overs arnt Sc Ore aa A ocGvale rel sll eeeveivis el toe elereneee ediaietere lL oe Olen ren ia ees 
Sum of above—probably due to lightning in most instances. .84.9....80.3....85.8....72.6....57.2....57.1....69.1....58.6....91.8....76.2....73.2 
4, Wind, sleet, snow, rain, and flood—no lightning reported...... BeOiieiss MOLD eke. ork Oia terete eeOrverers 10) sieuale li Ordiararrnte Olmmatets «ask Mercteren | Os Osicre ion Sad; ae em ee 
MPH OF EIST ODIECES crvtnie tse ier cis,szeie ents cr ptoueleroya (oa isieesre atl eraser tonaden stele ra LOG. crise LQ isi “ALD ete Z.Bioran od Wik tererikidelliere revere e Onveyerese Ge bitertew OL Ole ret etenn Oe Sine 
GWE Switching: .r etetartete c ctete crnaic stebabefaseine stdie syansiaatatn svelvpeltcais.crele DB iis aint LeBevens: LOR... OG 2.4. oo SUB. pe SOdee ne LO 6.4 ee Oo een aca 
B. Classification as to nature of trouble 
ee lashOversnceaclrertevens edie otetele oiatei aise) s.ee-e meters Crenacr eae eal aneauses BEON ian OSs 60e.1 OO. Sire Poem vials Ome dials Obie ss OLCOs ox. Fora cee Oo Gree D4ee Meee Oto 
Dem Bishinigeraiires ever clerterr sce ole) s ct ote o's ores. sus) vie okelale vere eievele llelstalas ili ayeieve | Led ae cry Sc Orie dOske% eteulOs costeno sO! vetecers nls Or icc Manner eth Soi eae meen Oa 
SE Culp Men tetas lUresiypoal sorters eleleisclelster-leienels eieke tele evecare URnOO pe: AUN orm co cece ee conan Weonne Oe oars Ges oS UR os BUS oo Ch! 
Ae Wihippitig CONGUCEOLS sn: «075 817i riete sale arora 36) 5 ale aici ol disieteyeLeroic UE ace anon cHlosne awd WM nodaecueeons Ol iaaes OF soas  osog MSs ocs O 
5. Conductors down—no structures reported down.............. BiSsie, VEE Se SALE Oris L8L9y close Pe aisdee Go Oc Onteraie Gsbielc, « sbeseiere tent Ol Oia cient h oss aenewemnrGheCD 
6. Failure of and damage to supporting structures............... O.8 isa Lis, Bien Sc Bie ders Du sustace 10! seus abet: Srepavae al Ou cle ovo Olt, apo Oman ren 23 oO) 
7. Foreign objects—exclusive of those causing broken conduc- 
tors or damaged structures, which are included in 5 and 6 
FAL OY a) fees vc Pea tO CLUES AIA Oe OL OTIOOLIE Occ OU OE Oto” Huu cor O69) ssh 0. Bee. o 3 sliver Os Ob ere ol Oc Sin sn OcO ere arene Olepete koe eiererenl OO ere SS. anne Ea 
Sie Givi CChiti oa ene cep teh e-eitane uate ters or cshyustelsre.c; + eashasonetatebrdateresveeasnksete DsBisteis.< Dice coy Gira (OsOnie ped den sLOud stapaee Orolo, «cil Onda cine Ghee Ola aL aT 
Quer Cablet tall ure cave cresereie wievale seis feivienetone oyeles Malecevaitictveleteenscahsrate 29S is tere Oa. ero Ol2iee ss OCF ree, O! racer Ol terre Ole te orcre OLOl reece O) me eee an” ON EEE 
Explanation of items used in classification: 
Flashovers—only cases where no damage was reported or only damage to insu- Whipping conductors—contacts with other conductors, line structures, or struc- 
lators. tures adjacent to line. 
Conductors down—phase conductors, ground wires, etc.—no structures reported Foreign objects—wites, ropes, kites, airplane, crane boom, trees or limbs in line, 
down. blasting, ete. Accidents to persons and damage by fire. 
Equipment failure—transformers, metering equipment, oil circuit breakers, Switching—includes disturbances due to switching and synchronizing under 
lightning arresters, etc. normal conditions, 
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A- 26 KV. 
BOS Ks 
OE Ie 
E- 44 KV. 
F- 44 KV. 
G- 66 KV. 
H~-120 KV. 
I-132 KV. 


PER CENT OF DISTURBANCES HAVING DURATIONS 
EXCEEDING CORRESPONDING ABSCISSA 


DURATION - CYCLES 


i) 
” 
“ 


Fig. 3. Cumulative percentage curves of disturbance duration 


A~ 26 KV. 
B- 33 KV. 
CaSSiKy. 
E- 44KV. 
F- 44 KV. 
G- 66 KV. 
T-132 KV. 


POWER SYSTEM CURVES PREPARED FROM 
114 DISTURBANCES 
832 " 


+ DUE TO MULTIPLE NEUTRAL GROUNDING AND 
POWER SYSTEM LAYOUT, DURATIONS SHOWN 
FOR SYSTEMS F AND H ARE NOT NECESSARILY 
TOTAL DURATIONS OF DISTURBANCES. 


ED FROM 


POWER SYSTEM CURVES PREPAR 


81 FAULTS 
548 


DUE TO MULTIPLE NEUTRAL GROUNDING AND 
POWER SYSTEM LAYOUT, DURATIONS SHOWN 

FOR SYSTEM F ARE NOT NECESSARILY TOTAL 
DURATIONS OF FAULTS 


PER CENT OF FAULTS HAVING DURATIONS 
EXCEEDING CORRESPONDING ABSCISSA 


L 


0 20 40 60 80 100 120 140 160 180 
DURATION - CYCLES 


Fig. 4. Cumulative percentage curves of fault duration 
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Table V—Classification of Recorded Disturbances as Regards Manner of Clearance ij 


Power Systems 


AtoF HtoJ 


A B Cc E F G H I 26-44 120- 
26Kv 33Kv 33Kv 44Kv 44Kv 66Kv 120 Kv 132 Kv 220Kv Ky 220Ky 
‘Total number of records consideredaceaiadeutee sie elation 147..35,.1018 5. .-8144,. . 1962%a- LOO). eae SO rajeters 226 teryere 4 oes od CY farmer 4041....412 
Values Below Percentages of Total Records Considered 
1. Correlated circwit-breaker-clearing. ....0.0.0.0000050sccce cscs 59.8. .6:<10 48.85 100046. 85 0.0 OS8e 06 DOD CEL 6s PO Di SO: Sie Ole ares OL: Seis OSLO 
2.) Appatent-circuit-breaker-clearing...< .. akinwejere.e ole ashes cieie nates cate 482051093 ice LEO cic, Feline dv lS:O0l.1s ee drO earner toners.) 0 Mme GL Le On imeamno 5 (inienenats stem 
3. Apparently self-clearing one or more times followed by final 
cincuit-breaker-clearing = sc mice. cess cers sein ote Sve lanai ce ete waist GS Sires Onl ofehe le Es Olea aes dineete aun Oars es ab lee wes, O NBs. ores, soe de eee 
Sumvofatemis le2 anda sncnco teherecicieccure. oe ecatetoretotneronse terete 69.45... 62.6 ).).6 603% « <1 G5.6. 2 «OS cO ni. po lS. o' 252) (OO. afens OO. Sieatere 4s Oi aetis Os ere tetetay i eoaee 
44 Apparent self-cleatin give o ccle ciois ccsieve Sit Woah es eG hen ane BN creates OO saree) Oil Rivisis) AcBieris ol aeO seston, 1 AD ce SiO nee 19:0 cree Ooo wee eee 
5. Apparently self-clearing one or more times followed by final 1 
self-clearin ig i. 2% os avs wlarevya srrsial wists: saa lelela avoe.o! atenertceseusiatel obaund s 0 NT Salejed OLD Tuten Os Oke reer ei Ole een lO anette O) Sere) 0 2:8 57e U6 
6. Circuit-breaker operated but fault apparently self-clearing....... Pile Sng Reena aM Uaioe Stent) Teen Moa o.ao 30e ic. 2:0 nen ee 
MUM Oh items 470, and (6s tre sraaeve scot eres cost here tetaisie els ayaa tsleowe 8.9 :0s, 0 LDS io 1D. LD Oe ee LS Oct WZ cuts (TeOe era Os Ole 10.0 )esta pl 2-0 ert Ones 
wen pRecords of one cyclevor less dutationarcccts sere a ole elcrereleiciorcts eles W296 60 9.6 nef O42. LUD. 62 24.07 6.5 420:0 ree LOO ae toc Oer en OO jauseh Oz Onntet One 
Sih Unableto: classifiyaraccay <icvetccow tebe sieve teasioon toe tae olele ature: oevecereietecieters SiS issiecp Sc On oelca Oude eeyetl de OretoremlO mercteternlO) 
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have been classified as shown in table V. Wherever the 
word “‘apparent”’ precedes a method of clearing, this 
method was determined solely from the appearance of 
the oscillogram. In all other cases, the method of clearing 
was deduced from the appearance of the oscillogram in 
conjunction with the correlation data. 

Records showing durations of one cycle or less have all 
been entered under item 7 of table V. Due to their short 
duration, it has been impossible to classify them. Some 
of them were due to synchronizing and switching, others 
were probably self-clearing short-duration disturbances. 
Probably in some instances the disturbance had an appre- 
ciable duration and for one reason or another the oscillo- 
graph obtained only a cycle or less of the record, thus 
accounting for correlation of some of them with circuit- 
breaker operations. 

In figure 6 oscillograms a and c illustrate breaker- 
cleared faults; oscillogram 0 illustrates a self-cleared fault. 


FAULTS TO GROUND INVOLVING 
More THAN ONE PHASE WIRE 


In table VI is given, for systems A, B, and £, a classi- — 
fication of faults with regard to the number of phase wires 
initially involved and certain subsequent changes therein. 

In the case of system A, voltages to ground as well as 
neutral current and negative-sequence voltage? were re- 
corded, providing an accurate basis for determining the 
number of phase wires involved in a fault, 

In the case of systems B and HE, the basis for deter- 
mining the condition of one or multiple line-to-ground 
faults was largely the appearance of the negative-sequence 
voltage and neutral current wave traces. The negative- 
sequence voltage on these systems is low for one-line-to- 


(@) UNIFORM WAVE TRACE ; CIRCUIT- BREAKER-CLEARED. 
SYSTEM B 


— 


(b) UNIFORMLY ATTENUATED WAVE TRACE 3 APPARENT 
SELF-CLEARED FAULT. SYSTEM B 


(c) IRREGULAR WAVE TRACE 3; CIRCUIT-BREAKER-CLEARED. 
SYSTEM B 


Fig. 5. 
to ground and complete final breakdown; system E 


Illustrative oscillogram of intermittent fault 


Fig. 6. Illustrative oscillograms 


1—Neutral current 
9—Negative-sequence voltage 
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1—Neutral current 
2—Negative-sequence current 


ELECTRICAL ENGINEERING 


U / | 
(a) FAULT INITIATED ONE LINE-TO-GROUND (A), DEVELOPED ® = © 
INTO TWO LINE-TO-GROUND (A-B) THEN CLEARED TO 
ONE LINE-TO-GROUND (B-C). SYSTEM E 


AAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAUAAAL 


VVVVVVVVVVVVVVVVVVVVVVVVVV VV VV 


A B Cc 
(b) SAME AS (a). SYSTEM B 


6 CYCLES REMOVED— 


(C) SAME AS (a). RISE IN NEGATIVE - SEQUENCE VOLTAGE 
INDICATES, TWO LINE-TO-GROUND PORTION OF FAULT. 


\ 


AANA AAA 
UM 


(d) NEGATIVE-SEQUENCE VOLTAGE INDICATES FAULT 
INITIATED TWO LINE-TO-GROUND AND REMAINED 
SO THROUGHOUT. SYSTEM B 


Fig. 7. 


1—Neutral current 
9—Negative-sequence current 


Illustrative oscillograms 


Fig. 8. 


Illustrative oscillogram of development of 
fault from 2 line to ground (A to B) to 2 line without 
ground (B to C); fault self-cleared to ground and 
finally circuit-breaker-cleared; irregular wave trace; 
system B 


1—Neutral current 
9—Negative-sequence voltage 
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ground faults and high for faults involving 2 phase wires. 
From inspection it is, in most instances, quite evident 
which ones were obtained during faults involving more 
than one phase wire and ground. Illustrations of this 
type of oscillogram are given in parts c and d of figure 7 
and in figure 8. Figure 7, part c, indicates that the fault 
initiated as one line-to-ground and developed into 2 
line-to-ground. The 2 line-to-ground portion of the 
fault is indicated by the decrease in neutral current 
accompanied by an increase in negative-sequence voltage. 
Figure 7, part d, and figure 8 show faults involving 2 
phase wires throughout. 

The neutral-current wave traces, especially in systems 
where neutral impedance is used, give additional informa- 
tion where ground faults developed from one to 2 line 
and then back to one line-to-ground. In such cases, an 
abrupt decrease occurs in the neutral-current magnitude 
when the second fault develops, followed perhaps by a 
return to the original value when one of the faults is 
cleared by breaker operation or otherwise. Oscillograms 
illustrating the changes in neutral current just referred 
to are shown in parts a, b, and c of figure 7. The validity 
of this method of determining the existence of faults to 
ground involving more than one phase wire has been 
verified by correlation with power-system operating 
records in a number of cases. Also the illustration in 
part c of figure 7, in which a negative-sequence voltage 
wave trace is shown, substantiates the classification of the 
records shown in parts a and 0, thereof. In determining 
whether one or more than one point on the system was 
involved ina fault, the correlation and relay operation 
data were also utilized. 


Table Vi—Classification of Faults Regarding Number and 


Sequence of Phase Wires Involved 


Power System 


A-26 Ky B-33 Ky E-44 Ky 


Total number of records considered.............+ LOS esters BY Ringo 418 


Values Below Are Percentages 
of Total Records Considered 


1. Initiated 1 line-to-ground................... OLB isrebate ae 13:8, sroreteiet 87.8 
1.1 Remained 1 line-to-ground throughout. .52.4...... OIG S niaae 77.5 

1.2 Developed from 1 into 2 line-to-ground..17.1...... LO Sierrenc 7.9 
Pi2t Ationeipointiccnesss « csniwiemrras LES meets 4! OS cance 3.8 

1.22 At more than one point.......... Bie ere este oe are eee 1.0 

1.23 Unable to classify............... 25 susreascs Orb Seeie ce 3.1 

1.3. Developed from 1 into 3 line-to-ground.. 1.0...... OSivanreere 2.4 
M3l VAtone point. . voce «cone iases Netoetne 1 chic OLS ieee 1.0 

1.32 At more than one point.................-.. LES oc 0.2 

1S3* Unablestoiclassifiy ances sccte ote eles crete OS ainaac 1.2 

2. Initiated 2 line-to-ground.................-. PR Wes On 5100 UGA co rects 6.3 
2.1 Remained 2 line-to-ground throughout. .10.4...... 13:47 3c, in 2.9 
2A VAC ONErPOINE. cos cercnererere oir ere O.Bicic ctenare Gila 1.2 

2.12 At more than one point.......... PUB Cecio O:Sivarnne 0.2 

2:13 Unable'to classify... <5 ci6 6 een LQ ccees EO oare 1.5 

2.2 Developed from 2 into 3 line-to-ground. .12.4...... LEO eyeveieke 1.7 
ZA Atione pointe gc tests Secret Sib cg rascc WH cond 0.5 

2.22 At more than one point.......... PA on encncya O89 I TOKIO 

2:23 Unable to classify...........0+0.s MS Ovnerercuers O.Saennac 1.2 

2.3 Developed from 2 into 1 line-to-ground.. 1.0...... Ql. Sees 1.7 

3. Initiated 3 line-to-ground................... Bsdisrierirs S:Siaeioe 5.9 


Summary of Multiple Line-to-Ground Faults 
1. Total number of records indicating that more 


than one line and ground were involved...... AU Oate acre S24 Weert. 22.5 
(a) OR Atssaime poititceisciectissraniee shana eaiey on. S224 eee ME Seer ko 7.0 
(b) At different points.............0eeeaee (UP ale ethane Te recevere 2.6 
(¢)) Unable’ to classifying. cine leleietisiele olden Dedictotelerers LZ 12.9 


No records which did not of themselves indicate multi- 
ple fault conditions were considered as such in this study, 
even though the correlation data indicated that more 
than one phase wire may have been in trouble. The 
reason for this was that the correlation data in many 
instances were not complete enough to base a classifica- 
tion entirely on them. 

No classification of faults not involving ground could 
be made, since the oscillographs, in most instances, were 
not arranged to operate unless ground was involved. 
The classification was not extended beyond the first change 
in the number of phase wires involved. Thus, if an 
oscillogram indicated that a disturbance initiated as one 
line-to-ground and subsequently involved 2 and then 3 
phase wires, the classification shows only the initiation 
of the disturbance and its development from a one line to 
a 2 line-to-ground fault. 

An important reason for making this type of classifica- 
tion was to obtain some indication of the extent of double 
faults* due to overvoltage. It is felt that the develop- 
ment of a fault from one or 2 phase wires to a greater 
number of phase wires at more than one point on the 
power system is more indicative of the effect of over- 
voltage than is a fault which initiates as multiple line-to 
ground and remains so throughout, even though more than 
one point on the power system is involved. In the latter 
case the faults might well be caused by an electrical 
storm or storms extending over a large area. The per- 


* Two line-to-ground faults in which the fault on one phase wire is at a different 
point on the system from that on the other phase wire. 


centage of total faults (and disturbances) which developed 
from one to multiple line-to-ground faults at different 
points is given below. This is a summation of the per- 
centage figures given in table VI for items 1.22, 1.32, 
and 2.22. Also items 1.23, 1.383, and 2.23 of table VI, 
probably include some cases where the multiple fault 
developed at different locations. 

Percentage of Total Records Indicat- 


ing the Development of a Fault From 
1 or 2 Phase Wires to a Greater Num- 


Neutral ber of Phase Wires and Involving 
Resistance, More Than One Point on the Power 
Power System Ohms System 
A—26 kv 15 5.8 
B—83 kv 30 or 60 0.3 
E—44 ky 150 1.2 


The authors take this opportunity to thank, in behalf 
of the Joint Subcommittee on Development and Research 
of the Edison Electric Institute and Bell Telephone 
System, all of the companies and individuals therein who 
co-operated in securing the data on which this paper is 
based. 
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Power System Faults to Ground 
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By C. L. GILKESON 


MEMBER AIEE 


Synopsis 


N ALLOWANCE for fault resistance in fault 
A current computations is desirable in certain types 
of problems. The present paper gives the results 
of a study made to determine reasonable values of fault 
resistance to use in computing line-to-ground fault cur- 
rents, particularly in inductive co-ordination studies. 
The sources and nature of the data used in the study are 
described in a companion paper. 


Introduction 


For many purposes it is sufficient and even desirable. 
as in the case of certain relaying problems, for example, 
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to assume zero fault impedance in computing fault cur- 
rents. For certain other purposes, however, such as 
inductive co-ordination problems, it seems preferable to 
include in the calculations a representative value for 
fault impedance or to otherwise allow for its effect on 
fault currents. 

For faults involving ground, fault impedance is generally 
understood to include the impedance in the path of the 
fault current between a phase wire at the point of fault 
and ground, including local ground resistance. Thus 
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ELECTRICAL ENGINEERING 


Fig. 1. Cumulative percent- 
age curves and average fre- 
quency distribution curve of 
apparent fault resistances 


fault impedance includes 
the resistance in the arc, in 
the contact between con- 
ductor and ground (in the 
case of wires falling on the 
earth), in tower footings, in 
a foreign object between 
conductor and tower (or 
ground) or in some com- 
bination of these factors. 
Fault impedance may be 
constant throughout the 
duration of a fault or it 
may vary continuously, as 
in the case of an are which is 
blown out to gradual extinc- 
tion by the wind. Fault im- 
pedance, in general, appears 
to be predominantly resis- 
tive and in this paper will be 
treated as though entirely so. 

In this paper the approach to the problem of fault 
resistance is largely statistical and is based on an oscillo- 
graphic study of power system fault currents, made by 
the Joint Subcommittee on Development and Research of 
the Edison Electric Institute and Bell System, in co- 
operation with a number of power companies. The 
power systems from which the data were obtained are, in 
most instances, referred to by a letter, i.e., system A, 
system B, etc. Information as to the characteristics of 
these systems and the nature and extent of the study on 
which this paper is based is given in a companion paper.! 

The method of attack on the problem of fault resistance 
has, in general, been along 3 different lines: 
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PER CENT OF CASES HAVING APPARENT FAULT RESISTANCE 
EXCEEDING CORRESPONDING ABSCISSA 


1. Measurements of neutral current, supplemented by calculations, 
to determine the ‘‘apparent fault resistance’”’ for one line-to-ground 
faults occurring under actual operating conditions. 


2. Measurements of phase currents and voltages on a particular 
line to determine more directly the fault resistance under actual 
operating conditions. 


8. Measurements (staged tests) and calculations of certain of the 
individual elements entering into or affecting fault resistance. 


Determination of Apparent Fault Resistance 
THEORY AND LIMITATIONS 


For grounded systems, the formula for computing one 
line-to-ground fault currents by the method of symmetrical 
components is: 


4 le ne eee (1) 
CZ Zs + Zo + BR 
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NUMBER 
POWER OF CASES 


SYSTEM CONSIDEREQ 

B- 33 KV: 101 

C-33 KV. 89 

E-44 KV. 1031 

1-132 KY. 14 8 TO 68 
J-220 KV. 60 SO tse 
AVERAGE FREQUENCY DISTRIBUTION CURVE 


RANGE OF 
APPARENT FAULT 
RESISTANCE-OHMS 

-9 TO 87 

-9 TO 160 

-10 TO 720 


NOTE: THE COMPUTED VALUES OF APPARENT 
FAULT RESISTANCE WERE CLASSIFIED IN 5-OHM 


STEPS,AND SMOOTH CURVES FITTED TO THE RESULTING 


\ 
oi Cheralmteecr bes 


60 00 «NO 
APPARENT FAULT RESITANCE - OHMS 


where 


Iy = fault current 


E = normal generated voltage to neutral 

Z, = positive-sequence impedance of power system 

Z, = negative-sequence impedance of power system 

Zo) = zero-sequence impedance of power system inclusive of neutral 
impedance but exclusive of fault resistance and capacitance 
to ground 

Ry = fault resistance (used here in preference to Zp to simplify 
explanation) 


In case of accidental faults to ground during routine 
operation, J, cannot be measured directly, but in its place 
a measurement of neutral current at one or more points 
can be obtained. If there is but one neutral ground on 
the system J, = J, (except for. charging current); 
there is more than one ground the division of the computed 
value of J, between the neutrals can be determined. 
Assuming that values of the sequence impedances of the 
power system are available or can be computed, that 
system conditions at the time of fault including fault 
location are known, and that measured values of one or 
more neutral currents under fault conditions are available, 
a value of R, can be determined which will make the 
computed value of Jy equal to the measured value of 
neutral current. 

The value of R, so obtained is of the nature of a “‘cor- 
rective resistance,’’ since it includes in addition to fault 
resistance, the effects of differences between the actual 
and assumed constants of the system. Therefore, values 
of R, determined in this way are referred to herein as 
“apparent fault resistances.”” While this method may 
not give a true fault resistance, it provides a statistical 
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Fig. 2. Cumulative percent- 
age curves of apparent fault 
resistance for steel-tower line, 
wood-pole line, and sub- 
station faults 


method of arriving at a 
value for fault resistance for 
use in practical calculations 
Ot Mault wcurrent: © )) his 
method has been used in 
most of the fault resistance 
determinations made for 
this paper. 

In a few of the cases a 
larger value of neutral cur- 
rent was measured than was 
computed under the assump- 
tion of a zero-ohm fault re- 
sistance, indicating that the 
conditions existing on the 
power system at the time 
of the fault, or some of the 
constants, were not accu- 
rately known. On directly 
grounded systems it will be 
seen, by reference to equation 1,thatthelargest fault current 
magnitude that can be calculated by varying R, (a real 
quantity), with other things fixed, is that which corresponds 
to a negative value of R, equal in absolute value to one third 
of the sum of the resistance components of the sequence 
impedances. Any assumed negative value of R, larger 
in absolute magnitude than this would decrease the com- 
puted fault current. In the cases used for this paper, 
one third of the sum of the resistance components of the 
sequence impedances seldom exceeded 5 ohms for the 
directly grounded systems. Of course, in cases where a 
neutral resistance is used, a negative value of Ry, much 
larger in absolute magnitude becomes mathematically 
possible. Negative values of apparent fault resistance, 
wherever indicated by the calculations, have been in- 
cluded and given equal weight in the analysis, although it 
is realized that physically they do not exist. The meas- 
ured current for 2 cases from system C, one case from 
system J and 2 cases from system J so greatly exceeded 
the computed values that no figure for apparent fault 
resistance could be deduced and these cases were excluded 
in presenting the results. 


PER CENT OF CASES HAVING APPARENT FAULT RESISTANCE 
EXCEEDING CORRESPONDING ABSCISSA 


RESULTS OF APPARENT 
FAULT-RESISTANCE DETERMINATIONS 


During some 6 years of oscillographic observations on 
several power systems, a total of 1,375 records were ob- 
tained for which the conditions existing on the power 
system at the time of fault were known with sufficient 
accuracy to permit computations of apparent fault re- 
sistance. The results of these computations for the 5 
systems for which the data were sufficient to warrant 
curves are shown in figure 1. 
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STEEL- TOWER LINE, SYSTEM B-33 KV (39 CASES) 


———-WOOD-POLE LINE,SYSTEM B-33 KV (Il4 CASES) 
—-— SUBSTATION, SYSTEM B-33 KV (28 CASES) 


—*—STEEL-TOWER LINE,SYSTEM E-44 KV (204 CASES) 


—O—WOOD-POLE LINE, SYSTEM E-44 KV (226 CASES) 
—o— SUBSTATION, SYSTEM E-44 (136 CASES) 


APPARENT FAULT RESISTANCE- OHMS 


Since these curves are similar in shape and lie fairly 
close together, an average cumulative percentage curve 
was determined from these curves and from it the average 
frequency distribution curve shown in figure 1 was derived. 
The abscissa corresponding to the peak of a frequency 
distribution curve is its mode, or most frequently occur- 
ring value. Similar distribution curves were also pre- 
pared for the individual systems. The modal, median, 
and average values of apparent fault resistance applying 
to the individual systems and the values from the average 
curve of figure 1 are shown in table I. 

Systems B and £ contain a considerable amount of 
both steel tower and wood pole line construction. The 
wood pole lines are not generally of the type recently 
advocated to take advantage of the wood insulation and 
some of them carry ground wires. The apparent fault 
resistance data for these systems were classified in accord- 
ance with the type of line to which the individual cases 
applied; also all apparent fault resistances deduced from 
substation faults were tabulated separately. Figure 2 
shows the resultant cumulative percentage curves based 
on these classifications. For the respective systems, the 
curves applying to substations are much lower than those 
applying to lines of either type. While the curves for the 
steel tower lines on both systems indicate somewhat 
smaller apparent fault resistances than those for wood 
pole lines, particularly at the higher values, the modal 
values for these 2 types of lines are not very different for 
the respective systems. 

Figure 3 shows average curves, based on a classification 
between apparent fault resistances deduced for faults on 
lines and at substations for systems for which such classi- 
fication seemed warranted. Due to the fact that wood 
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[Table I—Modal, Median, and Average Values of Apparent 


Fault Resistance 


Apparent Fault Resistance 


tance relaying.” In order to obtain measurements of re- 
quired currents and voltages, at least one 6-element oscil- 
lograph is required at each end of the line. 

Considerable difficulty was experienced in finding lines 


Number 5 f : 
eyiten Be Oheca Range hades Uitodian®s> Average suitable and available for fault impedance measurements 
of the type described above. As a consequence, only one 
B— 33 kv....... ISU e eye —9to 87...... Se Pe Gee: 25 oscillograph installation which would provide data for this 
C— 33kv....... ee —9 to 160...... Roe entaee 
| ree sire £4 Biss ta0! ial: hee aes 37 phase of the study was made, namely, that on system D. 
[—132 kv....... is aoe Bite DS Cl ssc. (nore PE actin 30 i -mi 
J —220 kv....... Gite. ots 5 to 132...... fatale Binet 34 ie useeet aphs were located at eed SE ETE 
Average curve................ —10 to 720...... 1D. cicero Ee et 35 line. During the 30 months this system was under 


* Value expected to occur most frequently. 
** The median of a series of values is the midpoint of the series when arranged 
in order of magnitude, 


pole lines were not of special design and frequently carried 
ground wires, and also to the relatively small differences 
between the curves for wood pole and steel tower lines 
just referred to in the case of systems B and £, values 
deduced for faults on all types of lines were lumped to- 
gether in the average curves of figure 3. They show 18 
ohms as the most frequently occurring value of apparent 
fault resistance for lines, and 5 ohms for substations. 
Most of the data on apparent fault resistance were 
computed from values of neutral current measured 3 or 4 
cycles after the fault started, which, in the majority of 
cases, allowed sufficient time for the disappearance of the 
unsymmetrical transient, if present. However, fault 
resistance frequently varied from cycle to cycle and in 
some cases, particularly on systems operating with 
neutral resistance, the fault 
cleared before breaker 100 
operation. 


Direct Measurement 
of Fault Resistance 


A method of measuring 
fault resistance during acci- 35 70 
dental faults on a particu- 


observation, 78 records of faults were obtained but only 7 
were suitable for fault resistance determinations. The 
results are given in table II. 

From the tabulation it is seen that the fault resistances 
determined from the 2 equations check reasonably well but 
that the fault locations are much less reliable, particularly 
for the higher values of fault resistance. 

While these data are not extensive enough to add much 
to the information on fault resistance, the results are 
comparable with those given in figure 1. The observa- 
tions indicated certain practical limitations in this method 
of measuring fault resistance. One difficulty encoun- 
tered was that of adjusting the sensitivity of the oscillo- 
graphs to give proper deflections for faults at any point 
on such a long line. Another was that of obtaining 
sufficiently accurate measurements of phase angles from the 
oscillograms. Also, with the sensitivity required to record 
fault currents, it was practically impossible to determine 
the magnitude of the load currents in the non-faulted phases, 
which may be a source of some error in the calculations. 


o—— AVERAGE CUMULATIVE PERCENTAGE CURVES OF 
APPARENT FAULT RESISTANCE. 


m= ==FREQUENCY DISTRIBUTION CURVES SHOWING 
PROBABLE PERCENTAGE OF CASES FALLING 
WITHIN ANY 10-OHM INTERVAL. 


CURVES (I) AND (3)-LINE FAULTS. AVERAGE FOR SYSTEMS 
B.CEJ, AND J.(702 CASES) 


CURVES (2) AND (4) - SUBSTATION FAULTS. AVERAGE FOR 
SYSTEMS B,C,£,AND J. (204 CASES) 


LINE 


lar line has been suggested 
by W. A. Lewis as the re- 
sult of his studies of dis- 
tance relaying problems. 
The method requires the 
measurement, at each end 
of the transmission line 
under study, of the phase 
currents and the line-to-line 
or line-to-ground voltages, 
and the phase relationships 
among these quantities. 
From these measurements 
fault resistance and the lo- 
cation of the fault can be 
determined by solving, after 
some rearrangement, equa- 
tions developed in connec- 
tion with the theory of deter- 
mining fault location in dis- 
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PER CENT OF CASES 


30 


25 


20 


SCALE B o 


FAULTS 


18 OHMS 
270HMS 
36 OHMS 
50 


/ 


20 


SCALE B 


RA 
Sige 
Pica 


-10 0 10 20 30 40 50 60 


APPARENT FAULT RESISTANCE- OHMS 


SUBSTATION 
FAULTS 


5 OHMS 
15 OHMS 
21 0HMS 


Fig. 3. Average curves of apparent fault resistance; lines and substations 
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Table Il—Fault Resistances Determined by Direct Measure- 
ments 


Computed Fault Location— 


Miles From Station G Fault Resistance—Ohms 


Case 
No. (1)* (2)* (Avg.) (CD. (2)* (Avg.) 

(A) aera SOU yrs Ps area aa SO cher ene WGisnu tek Wi eciice- deste 14 
(b) 65s tier Dy ae Re ae 44 eet, BBN coe & AS oak he 45 
(c) ce eer ch Re eee ce Perce Tenia Cae ec Gi 
(4) aera 20ers PP es oe ae PARAS aN Vode 22 RR ty tor 14 
(COT Ae or aac aR ear e eetoecre ete 2385 pete oe no cael 36 

fai ae aie cae ari ted Os io ie ceca et Po ih eter nt series Py SOsedo ne gevris ane 30 
(ERE cra ck ote ae aunt attests De rare ee te Cee 23 


* These values were obtained from 2 equations, each of which could be resolved 
into real and imaginary components and solved for fault location and fault 
resistance and the averages taken. The values under (1) and (2) give the 
results for the individual solutions. 

** Stub-end feed, fault location known. 
case (e). 


(f) and (g) are reclosures on fault of 


Table IIl—Miscellaneous Arc and Fault-lmpedance Tests 


Minimum Length Fault Computed Fault 
of Arcing Current— Resistance— 
Type of Test Path—Inches RMS Amps Ohms 
(1) From a 132-kv system—tests of 1928 
Arc across insulator....... HZA(APPLOR) ete GOO erage eure et 8.7 
Arc across insulator....... S2iApprox,) stor o4S comes ktr ees 9.4 
Length in Contact 
With Ground—Feet 
Conductor dropped on 
WetjeLolnd wen. clei SOOMADPFOXx> Hae co OAT Seen ae oe 9.0 
Conductor dropped on 
wet! grotind > sis. ce 500 (approx) ene so00nce ne des Paces cee 9.6 


Resistances computed from readings taken at sending end of line. 
(2) 33-kv system—tests of 1927 
Conductor dropped on 


dryserotund s)s.5 00 ae oo ses Sikicsonnerncnicatarste 180 (approx.):.2 0.2. 6.. 45 
Conductor dropped on 

Gry groundes. - ore Bae eect es 200 (approx.)neme ee se 36 
Conductor dropped on 

dry grounds. ee MOO rae ae sree 200 (approx.).........: 33 


Direct Measurement of Certain Items 
Entering Into Fault Resistance 


In the course of the fault resistance study information 
on certain of the items entering into or related to fault 
resistance has been secured. While data on all items are 
not available, those given may be of interest in connection 
with certain types of problems. 


Arc RESISTANCE 


Certain investigations have indicated that for fairly 
large currents, the voltage gradient in an arc is independ- 
ent of current. Consequently, if the voltage per foot of 
arc can be determined and the length of the are path is 
known or can be approximated, the arc resistance is given 
immediately by: 
are voltage gradient X length of arc 


arc resistance = 
fault current 


From time to time advantage has been taken of oppor- 
tunities to determine arc resistances and arc voltage 
gradients experimentally. Certain of these arc measure- 
ments, of an incidental nature, were not suitable for deter- 


432 


Gilkeson, Jeanne, Vaage—Power System Faults 


mining voltage per foot of arc, as no special means of 
determining arc length were used. The conditions under 
which certain of these incidental tests were made and 
the over-all are resistances measured at various stages of 
the arc are shown in figure 4. Some additional data on 
are resistance and of the arc and contact resistance of a 
conductor dropped on the ground are given in table III. 

Some arc resistance data were also derived from a series 
of relay tests made on system J. The faults were initiated 
by pulling a string, saturated with a salt solution, across 
the arcing rings of an insulator string. The approximate 
lengths of the arcs were determined from moving pictures 
taken with one camera. The voltage gradient derived 
from the measurements is shown in figure 5 by the small 
squares in the range between 2,000 and 3,000 amperes. 
An average arc voltage gradient of 360 peak volts per 
foot was deduced from these tests. 

A more detailed study of the characteristics of arcs was 
made in another set of tests in which representatives of the 
joint subcommitee participated, the results of which have 
been given in an AIEE paper.* In those tests, arc length 
was determined from moving pictures of the arc taken 
with 2 cameras set at right angles to each other. It was 
found that for arc currents between 100 and 800 amperes 
peak, 67 per cent of the measurements of arc voltage fell 


CURVE NUMBER 


ARC ACROSS AR 
NATURE OF TEST INSULATOR | ARC BETWEEN | ARC DEROSS 
STRING | CONDUCTORS | inNsULATOR 


MIN.ARCING DISTANCE | 74" | 36” | vo" 


CURRENT RANGE 300-440 


(PEAK+Voe2) 


390-450 


TO 155 OHMS TO 260 OHMS 
AT 40 CYCLES AT 42 CYCLES 
4 


Se 


ARC RESISTANCE-OHMS 


ty) 
0 4 8 12 16 20 24 28 32 36 
TIME IN CYCLES FROM INITIATION OF ARC 


Fig. 4. Arc resistance 
Results based on arc-voltage and fault-current measurements 


during staged tests on transmission lines 
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Fig. 5. Volts per foot of are 
versus arc amperes 


CODE 


*Total initial arc voltage across pin type 
insulators for currents ranging from 70 to 
10,000 amperes as given in Ackerman’s 
paper were: 


SYSTEM 
TABLE I - ACKERMAN paper (4) 

TABLE 1 - (182 CYCLE) ACKERMAN PAPER 
TABLE I - (624 cycle) " ts 


SOURCE OF DATA 
J - 220KV 


(4) 


NOTES: APPARENT ARC LENGTHS WERE DETERMINED FROM MOVING PICTURES * 


9.2-kv pin insulator—250 root-mean- 
square volts 
97-kv pin 
square volts 
60-kv pin 
“squere volts 


insulator—500 _ root-mean- 


insulator—900  root-mean- 


within +20 per cent of 300 peak 

volts per foot of arc length. Also 
53 per cent of the cases were above 
300 peak volts per foot and 47 per 
cent were below this value. Con- 
sequently, the average voltage 
gradient in an arc for currents 
from 100 to 800 amperes peak 
is concluded to be about 300 
peak volts per foot. 

Investigations by Paul Acker- 
man‘ have given valuable test 
data regarding the relationship between arc voltage, 
arc current, and arc length, the latter being determined 
from moving pictures of the arc (taken in one plane only). 
Arc lengths determined in this manner are generally 
greater, particularly in the case of small pin type insula- 
tors, than the striking distance across the insulator. 
Results from these tests, in so far as they relate to the 
voltage per foot of arc, have been plotted as a function of 
current in figure 5. On the basis of his tests Ackerman 
reaches the following conclusion regarding arc voltage: 
“The arc voltage is thus chiefly dependent on the arc 
length. . For practical purposes it may be assumed that 
for long stretched arcs, the arc voltage will be approxi- 
mately 400 root-mean-square volts per foot length of arc, 
irrespective of short-circuit current.” 

The data from the various investigations cited above 
are in reasonably close agreement with regard to the 
voltage gradient of an arc, considering the necessary 
approximations in arc length. The range in average 
value of gradient is from 200 to 400 root-mean-square 
volts per foot of arc. (While root-mean-square values 
are quoted, it should be realized that are current or 
voltage waves are usually distorted. Peak values divided 
by \/2 were used in analyses.) 


VOLTAGE PER FOOT OF 
APPARENT ARC-LENGTH 


TOWER FOOTING RESISTANCE 


For faults to towers on lines having no ground wires, a 
single tower or pole footing resistance enters into the 
fault resistance, and unless data are available on footing 
resistances, the amount to allow is problematical. For 
lines provided with ground wires, the shunting effect of 
the other towers along the line becomes a factor and the 
importance of tower footing resistance in influencing fault 
current diminishes. It appears that, in a majority of 
cases encountered in practice, tower footing resistance 
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VALUES OF ARC VOLTAGES AND CURRENTS ARE PEAK VALUES DIVIDED BY V2 


200 300 500 1000 2000 3000 
ARC CURRENT-AMPERES 


5000 10000 


on lines having ground wires, may be neglected without 
introducing appreciable error in fault current calculations 
if 1, the length in miles of the section of line under con- 
sideration, is greater than 


5 / average tower footing resistance 
number of towers per mile 


This conclusion is based on a study of the effect of tower 
footing resistance on the zero-sequence impedance of 
power lines by a method given in an engineering report 
of the Joint Subcommittee of Development and Research, 
E.E.I. and Bell System.® 


Conclusions 


(a) The most frequently occurring values of ‘‘apparent 
fault resistance’ for the systems studied ranged from 5 to 
25 ohms. Those determined for faults at substations 
were generally less than for faults on lines; those deter- 
mined for faults on steel tower lines tended, for the 2 
systems for which such separation could be made, to be 
somewhat smaller than for faults on wood pole lines, but 
taking the results as a whole there appears to be no 
marked difference for these 2 types of construction. 
The data indicate that, where fault resistance is to be 
allowed for in fault current computations, 20 ohms for 
line and 5 ohms for substation ground-faults are reason- 
able values to use. 

(b) The direct measurement of fault resistance during 
accidental faults, while possible, is subject to numerous 
practical difficulties which make the accumulation of data 
by this method slow and rather expensive. 

(c) Fairly comprehensive information on arc resistance 
indicates that, above about 100 amperes arc current, the 


(Concluded on page 474) 
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Relation Between Voltage Drop and Load Balance in an 
Open-Y Distribution Circuit 


By S. D. APOSTOL 


ASSOCIATE AIEE 


HEN supplying large lighting loads such as 
WY tices hotels, or department stores by the 
4-kv primary circuits, in many cases it has been 
desirable to utilize only 2 phases of the 3-phase 4-wire 
system. These loads are fed by 2 transformers connected 
in open Y on both the primary and secondary. Such an 
atrangement is made in order to avoid connecting large 
lighting loads on only one phase of the 4-kv circuit, thus 
maintaining a better load balance on the primaries and 
also obtaining an economical 3-wire secondary distribu- 
tion system. 

With the introduction and widespread use of the a-c 
network system of A-Y transformation the connection of 
load to only 2 phases in open Y, in some cases, becomes 
necessary. This is particularly true when the load is 
cut from d-c to a-c and the old 3-wire system in the 
building is to be utilized. In both of these methods of 
distribution the secondary connections are essentially the 
same and serious voltage-regulation difficulties will arise 
unless the load is correctly—not generally equally— 
divided on the 2 phases. 

It is a well-known fact that when load is fed from a 
3-phase 4-wire system the most desirable arrangement 
would be to balance the load on the 3 phases. With 
balanced load, the neutral wire will carry no current and 
the voltage drop on all 3 phases will be equal. Any un- 
balancing of the load will cause the neutral wire to carry 
current with the result that the voltage drops will not be 
equal on all phases. 

In this paper the effect of connecting load to only 2 
phases will be considered. In figure 1, V4 and V, repre- 
sent the applied voltages for A and B phases, respectively, 
forming an angle of 120 degrees. Also, J, and J, repre- 
sent the currents for the same phases and lagging their 
respective voltages. Then J, will represent the current 
in the neutral and its value will depend upon the magni- 
tude and direction of J, and J,. Its magnitude can be 
computed by the following formula 


Lpeee N/T PASTY FBT, Tp cos’ (1) 


where @ is the angle between J, and J,. 

The impedance drops on A and B phases are repre- 
sented by V,/, and V,;£z,, respectively. Also, the im- 
pedance drop on the neutral, causing the neutral point 
of the system at the load to be shifted to Mi, is represented 
by NN. Then the vectors NiZ, and ME, or simply 


A paper recommended for publication by the AIEE committee on power trans- 
mission and distribution; manuscript submitted January 8, 1936; released for 
publication February 3, 1937. ’ 

S. D. Aposrot is circuit design engineer with the Commonwealth Edison Com- 
pany, Chicago, IJl.; C. S. WicKksTRom is assistant supervisor of service investi- 
gation with the same company. 
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A postol and Wickstrom— Voltage Drop 


C. S. WICKSTROM 
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E, and E, represent vectorially the voltages at the loads. 
Their magnitude and direction depend upon the imped- 
ance drop on each phase and the neutral and can be 
calculated by the following formulas: 

Ex, = Va — 1424 — IyZy (2) 
Ez = Vg — IpZp — InZy (3) 
where Z is the impedance of the conductors. 

A study of this vector diagram, which was drawn for 
equal loads and power factors on both phases, shows that 
the voltage on the leading phase at the load, ME, is 
considerably greater than the voltage on the lagging 
phase represented by NiE,. With the power factor of 
the load remaining constant, the voltages can be equalized 
by a definite unbalancing of the load on the 2 phases. 
The voltages can also be equalized by a change in the 
power factor of the load, as will be illustrated later. 

With these fundamental characteristics of an open-Y 
circuit in mind it will be shown how they can be applied 
to produce good voltage regulation on wiring in buildings 
connected to 2 phases of the network system. 

A study of various sizes of 600-volt rubber-insulated 
conductors installed in building conduits was made to 
determine the voltage drops at various power factors and 
various load balances. The resistance for these con- 
ductors was taken at 50 degrees centigrade and the re- 
actance was calculated for an average position of the 
conductors in the conduit, using the formula 

1 


pa2(S+2 

2 cos 30° 
“ S = 0.465 D (4) 
where D is the inside diameter of the conduit and S the 
distance between centers of conductors. 

Then, X = 2760[14.051 log (S/r) + 1.524] 10-5, r being 
the radius of wire. 

It was also assumed that the phase wires and the neutral 
were of the same size. 

The calculated values for the reactance are shown in 
table I. 

With the computed reactances and given resistances of 
these conductors, as shown in the table, calculations can 
be made using formulas 2 and 3 determining the voltage 
drops on the leading and lagging phases for various power 
factors and various load balances. Such calculations 
were made for number 4 wire with balanced load on both 
leading and lagging phases at various power factors, and 
the results were plotted as shown in figure 2. A study 
of these curves shows the following facts: 


) = 2.153 S 


1. With the load remaining constant, an increase in power factor 
from 0.7 to unity results in an increase of voltage drop on the leading 
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phase, whereas on the lagging phase the voltage drop decreases with 
an increase in power factor. 


2. At 0.7 power factor the voltage drop on the lagging phase is 
more than twice the drop on the leading phase, while at unity power 
factor the voltage drop on the lagging phase is less than that on the 
leading phase. It is apparent that at approximately 0.98 power 
factor the voltage drops are equal on both leading and lagging phases. 


Similar computations were made for number 4 wire with 
constant power factor of 0.9 on both phases and with 
various load balances on the 2 phases, based on 100- 

‘ampere total load. The results of these calculations 
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Fig. 2. Woltage drops on leading and lagging 

phases at various power factors with balanced load 

and number 4 600-volt rubber-insulated con- 
ductors in 1/,-inch conduit 


Numbers on curves are power factors 
Solid lines for lagging phase; dashed lines for leading phase 
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Fig. 3. Volkt- 
age drops on 
leading and 
lagging phases 
at various load 
balances at 0.9 


vp) 
power factor 
and number 4 ¢& 
600-volt rub- < 


ber - insulated 
conductors in 
11/,-inch con- 


duit 

oli ines for 

: id lin OF 08 .. LO -  SLSie0 GiEeiSaniS Ones 
lagging _—_ phase; VOLTS DROP PER 100 FEET 


dashed lines for 
leading phase 


A—65 per cent of total load on leading phase 
A'—35 per cent of total load on lagging phase 
B—35 per cent of total load on leading phase 
B'—65 per cent of total load on lagging phase 
C—56 per cent of total load on leading phase 
C’—44 per cent of total load on lagging phase 


were plotted as shown on figure 3. It will be noted that 
for a load balance of 65 per cent on the leading phase and 
35 per cent on the lagging phase the voltage drops are 
2.65 volts and 1.5 volts, respectively. Withaload balance 
of 65 per cent on the lagging phase and 35 per cent on the 
leading phase the voltage drops are 3.25 volts and 0.35 
volts, respectively. The voltage drops on both phases can 
be equalized at 2.0 volts as shown by connecting 44 per 
cent of the load on the lagging phase and 56 per cent of 
the load on the leading phase. 

Of course, unbalancing the load will increase the copper 
losses in the wiring but this increase has little significance 
when compared with 
the improvement in 
voltage regulation. It 
can be shown that by 7 
unbalancing the load 
to a point where one 
phase carried 30 per 
cent and the other 
phase 70 per cent of 
the total load, such as 
would be the limit of 
unbalancing in appli- 
cation, the increase in 
copper losses amounts 
to 26.6 per cent. 


Fig. 4A. Chart show- 
ing the proper load 
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Fig. 4. Relation between voltage drop and load balance for load connected to only 2 phases of 3-phase 4-wire secondary 
network for various power factors; 600-volt rubber-insulated conductors 


Numbers on curves are power factors 


Solid lines are voltage drops; dashed lines are differences in voltage drops between leading and lagging phases 


It has been shown that the voltage drops on both 
phases can be equalized by changing either the power 
factor of the load or the load balance. In practical appli- 
cation, however, the power factor is generally fixed and 
attention must be given to load balance. To determine 
the correct load balance for various sizes of conductors 
curves such as shown in figure 4 can be drawn. These 
curves show the voltage drops at various power factors 
and various load balances for the more generally used wire 
sizes. The calculations for the voltage drops on figure 4 
are also based on formulas 2 and 3. Considering one 
phase only, say the lagging phase, and with the impedance 


of the phase and neutral wires equal, the formula 
Ez = Vg — IpZpz — IyZy 


can be transformed by the vectorial addition of the phase 
and neutral currents into 


Ez, = Vg — Up + In)Z 
or 
Ez = Vg — IpnyZ (5) 


The graphical representation of this vectorial addition 
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for a power factor of unity is shown in figure 5. To illus- 
trate, it is assumed that 60 per cent of the total load is 
connected to the lagging phase and 40 per cent to the 
leading phase. The vector OP represents the load on 
the lagging phase and OQ the load on the leading phase. 
Then OR represents the neutral current for this load 
balance. Combining OP and OR vectorially, OS is 
obtained representing the current J,, of formula 5. 

In a similar way combining OQ and OR the vector OT 
is obtained, which is the resultant of the neutral and 
leading phase currents. Resultants of all possible load 
balances, from one limiting condition where the entire 
load is connected to the lagging phase, to the other ex- 
tremity where the entire load is connected to the leading 
phase, line on lines KU and LM. 

Continuing to figure 6, the lines KU and LM are the 
loci of the resultant of the current components as shown 
in figure 5 at unity power factor. By allowing the power 
factor to vary from unity to 0.8 on both phases these 2 
lines will revolve about point O of figure 6. The portions 
of the loci of the resultant currents for the neutral and 
lagging phase, having practical application, lie within the 
area bounded by the vertical lines DD, and FF, indicating 


ELECTRICAL ENGINEERING 


Fig. 5 (below). 


Diagram Va 


Fig. 6. Loci of resultant currents 


showing loci of neutral cur- ¢ AON rer obtained by combining the neutral 
rent and of resultant currents eon 0.99 _0:90 0.85 0.80 current with leading and lagging 
9 


of neutral and phase currents 
for all load unbalances at 
unity power factor 


40 60), 80 


load balances between 30 per cent and 70 per cent. Simi- 
larly the portions of the loci of the resultant currents for 
the neutral and leading phase for load unbalances between 
30 per cent and 70 per cent could be segregated by lines 
drawn vertically to OL with the correct scale. 

Multiplication of the resultant currents by the im- 
pedances of the conductors would give the impedance 
drops. Since the impedance of the conductors is a fixed 
value and the locus of the resultant currents is a straight 
line, for a given power factor, the locus of the impedance 
drops would also be a straight line. 

The loci of the impedance drops of the various power 
factors will be related to one another in a manner similar 
to the relationship which exists between the loci of the 
resultant currents. From the impedance drops the volt- 
age drops, which are desired in the final analysis, can be 
obtained by subtracting algebraically the voltage of the 
load from the applied voltage. Consequently, the loci of 
the voltage drops at various power factors are straight 
lines still maintaining the relationship with one another 
that existed between the loci of the resultant currents in 
figure 6. 

From the preceding analysis the reason for the apparent 
inconsistency in relationship of the loci of the voltage 
drops shown in figure 4 is evident. It is also evident that, 
as the loci of voltage drops are straight lines, the deter- 
mination of only 2 points on any line is necessary, thus 
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phase currents 


\ 


CONSIDERED 


LEADING PHASE AND NEUTRAL 
— — — LAGGING PHASE AND NEUTRAL 


making the drawing of the family of curves a relatively 
simple matter. 

The curves shown in figure 4 are plotted for an un- 
balance of load between phases from 30 to 70 per cent. 
Such extreme unbalancing of the load between the 2 
phases might not be practicable but it was considered for 
illustration purposes. As shown by the curves for a 
number 8 conductor and a power factor of 0.8, with the 
load divided equally between the leading and lagging 
phases, the voltage drop for the leading phase per 100 
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Table | 
Minimum Resistance 
Size React- at 50 
Wire Con- Average ance per Deg. C. per 

Wire Diameter, duit, Spacing, 1,000 1,000 

Size Inches Inches Inches Feet Feet 

aK NVE-T0) fs Fe gereio acca 6 OAL OU everes hina ae OBS 0:0499.75 75. 1.117 
FRTSOM ase crete creators One oO nie Sa errs 0.348..... 0.0445..... -7023 
Gisolidivn sett ons ON162a 5. PSE Sod OS8lrae : O:051L08ee. 4416 
4. Sold ea) cr comieieiets 020432 RUG ae OMSiee an 0.0456. .... 2778 
2 solid ee OPP V As. a5 4 BRYA ees OMG O7 ene. 0.0446..... 1747 

0 stranded........ DEC: ogc De enka OOSeeeans O04 27 J: lil 
0,000 stranded........ OLS238 Were ORY RO LO Oy ees 0:0398),....5.< .0558 
250,000 cir mils stranded 0.575 ..... Dee evelars sl Geer tee 0.0378..... .0473 
500,000 cir mils stranded 0.814 ..... Sikes etcnars UG Sci 0,034 ye. .0237 
1,000,000 cir mils stranded 1.152 ..... yer te 86) gseeccts OLO827arcere .0118 


* The Commonwealth Edison Company permits the installation of 3 number 8 


wires in 3/4-inch conduit. 
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Special Uses for the Automatic Oscillograph 


By G. A. POWELL 
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about 7 years,!? but until 8-cycle oil switches and 

1-to-6-cycle relays were in general use, the automatic 
oscillograph was not used extensively because the per- 
formance of the slower relays and switches could be 
checked at low cost by various forms of high-speed 
graphic meters. With the present high-speed relays and 
oil switches, the automatic oscillograph is considered 
almost a necessity. 

Automatic oscillographs are of great assistance in 
analyzing system disturbances** because they provide at 
reasonable cost an accurate record of what happens 
electrically during each disturbance. For instance, the 
oscillogram of a disturbance shows the duration of the 
disturbance, the time required for relay and oil-switch 
operations, the phases involved, the minimum values of 
voltage, any tendency toward instability, the blowing out 
and restriking of arcs, the amount of short-circuit current, 
and the amount of current in the neutral of transformer 
banks. 

The general nature and benefits of the automatic 
oscillograph are well known. However, it is sometimes 
difficult to justify the installation of one if its only use is 
to analyze disturbances. The purpose of this paper is to 
describe other uses and to give the operating results 
which have been obtained. 

The 3 special uses described are: 


Ts automatic oscillograph has been available for 


1. Fault location on transmission circuits. 
2. Testing carrier-current-controlled relay system. 


8. Keeping a check on the operation of the relays controlled by 
carrier. 


The first is applicable to most systems and has been 
used to some extent, but little has been published on the 
results obtained. The second is a typical example of 
the possibility of using the automatic oscillograph for 
special tests instead of requiring a portable laboratory 
oscillograph. The third is not applicable to many 
systems, but it indicates a method of obtaining additional 
information. 

In 1931 an automatic oscillograph was installed at the 
Rotterdam substation of the New York Power and Light 
Corporation. Experience with this instrument was so 
favorable that in 1934 another was installed at the Pleasant 
Valley substation, for use in connection with the opera- 
tion of the 132-kv transmission circuits to New York City. 

Figure 1 shows the diagram of the transmission circuits 
centering at Rotterdam and Pleasant Valley. 


A paper recommended for publication by the AIEE committee on instruments 
and measurements. Manuscript submitted September 28, 1936; released for 
publication February 17, 1937. 
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The Pleasant Valley oscillograph is initiated by an 
overcurrent relay in the neutral of the transformer banks, 
and by a high-speed undervoltage relay. It records the 
following quantities: 


(a) Three phase-to-phase 110-kv voltages. 
(6) Current in A phase of Pleasant Valley-Millwood number 9,825. 
(c) Current in C phase of Pleasant Valley-Millwood number 9,826. 


(d) The total current in the neutrals of 4 transformer banks. 


The Rotterdam oscillograph is started by an overcurrent 
relay in the neutral of the transformer banks, and records 
the following quantities: 


(a) Three phase-to-phase 110-kv voltages. 
(b) Current in A phase of Spier-Rotterdam number 2. 
(c) Current in C phase of Inghams-Rotterdam number 9. 


(d) The total current in the neutrals of 2 transformer banks. 


Fault Location on Transmission Circuits 


The current flowing in the Pleasant Valley and/or 
Rotterdam transformer bank neutrals has been calculated 
by the method of symmetrical components for faults at 
the terminals of each 110-kv and 132-kv circuit, and at 
several intermediate points along each circuit. These 
calculations were started in 1932. Curves have been 
made for each circuit plotting Pleasant Valley or Rotter- 
dam transformer bank neutral current versus tower 
number. Figure 2 shows these curves for both Pleasant 
Valley and Rotterdam neutral currents for faults on one 
of the Rotterdam-Pleasant Valley circuits. For each 
pair of circuits on the same towers, there are the following 
curves: 


(a) Single circuit single-phase-to-ground faults. 
(b) Double circuit single-phase-to-ground faults. 
(c) Single circuit 2-phase-to-ground faults. 

(d) Double circuit 2-phase-to-ground faults. 


Since all calculations have been for faults of zero 
impedance, the actual current in the transformer bank 
neutrals measured by the automatic oscillographs deviates 
slightly in some cases from the calculated value. When 
a fault is found, its location is plotted on the curve sheet 
to show the relation between actual and calculated tower 
number. The phase-to-phase voltages shown on the 
oscillograms have been used on several occasions to calcu- 
late the approximate location of 3-phase faults. 

As soon as possible after a fault occurs, the films are 
developed by a member of the substation crew, in dark 
rooms provided at Pleasant Valley and Rotterdam. The 
values of the 6 elements shown on the film are carefully 
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measured at the substation and telephoned to the power 
control office. Figure 3 is a typical oscillogram. The 
measured values on the oscillograms are converted to 
actual system voltages and currents from calibration 
curves for each oscillograph. From the voltage records 
on the oscillogram, the phase or phases involved is ascer- 
tained. The curve for that type of fault is then referred 
to, and the tower number determined. Maps showing a 
profile of the terrain traversed by the circuit, and the 
tower-footing resistances are studied to see if these factors 
are likely to change the location of the fault as determined 
from the curves. The tower number and phases involved 
are given to the system operator who orders the circuit 
patrolled 5 miles each side of this tower. 

_ This procedure has been followed since May 1935, al- 
though calculation of the location of faults was started in 
1932. Previous to 1935, it was the practice to patrol the 
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whole circuit after a trip-out. During 1935 and 1936, a 
total of 200 man-days were saved in patrols by this pro- 
cedure. A summary of results for the last 5 years is 
shown in table I. 


Testing Carrier-Current-Controlled 
Relay System 


In 1933 2 parallel 132-kv circuits were equipped with 
carrier-current-controlled relay protection.° Standard 
power-directional and ground-directional relays are used 
for this protection. There are 2 ground-directional relays, 
one for starting carrier transmission and one with 2 sets 
of contacts. One set of contacts is for tripping and the 
other set for preventing the starting of carrier trans- 
mission, in case the power-directional relay should operate 
incorrectly, due to a large amount of through load current 
at the time of an internal phase-to-ground fault. For 
phase-to-phase faults a power-directional relay is pro- 
vided for starting carrier, and in conjunction with an 
induction-type overcurrent relay, is used for tripping. 
To increase the sensitivity and the speed of the power- 
directional relay at the time of a fault, the voltage restraint 
on this relay is supplied through the normally closed 
contacts of an instantaneous overcurrent relay. 

The relay tripping times with this scheme of protection 
are approximately 6 cycles. If a fault is external to the 
section protected, it is necessary for either the power- 
directional or ground-directional carrier starting relays to 
operate and start transmission of carrier current, and for 
the carrier current to operate the receiver relay at the 
remote end to block tripping, before the tripping relays 
close their contacts. This means that for correct opera- 
tion of the protective scheme all of the relays must be 
closely co-ordinated to be selective within 6 cycles. This 
selective action is not difficult to obtain if the relays are 
all properly adjusted as the carrier starting relays open 
normally closed contacts while the tripping relays are 
circuit closing. However, after each individual relay was 
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carefully calibrated and set, it was felt there was no 
definite check on their combined operation as a group or 
the margin of selectivity between the groups. 

In order to obtain this information the automatic 
oscillograph is used after each periodic calibration and 
check of the individual relays, to show the operation of 
each individual relay at that station and their combined 
operation as a group. One set of tests is made on the 
ground relays and one on the phase relays. The oscillo- 
graph is started by hand and current of proper magnitude 
and phase angle to simulate faults at various locations is 
passed through the relays and one element of the oscillo- 
graph. The relays actually remove voltage restraint 
from the power-directional relay, start carrier, operate 
the carrier receiver relay, open the trip circuit and finally 
close the trip circuit exactly as in actual operation, except 
that each set of contacts also energizes or de-energizes 
(depending on whether it is circuit closing or circuit 
opening) an element of the oscillograph from a 125-volt 
d-c source. One element of the oscillograph is energized 
with 110 volts alternating current, to give a timing wave. 
As soon as the tripping contacts close, the test current is 
removed, relays reset, and the oscillograph stopped. This 
procedure gives a record of the resetting of the relays as 
well as a record of their operation. A record of the reset 
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is very important as in most cases the margin for insuring 
correct operation is less during reset than during operation. 


Keeping a Check on the Operation of the 
Relays Controlled by Carrier 


After the carrier-current pilot relays had been in service 
about a year it was felt that although the operations had 
all been correct, it would be desirable to have a check of 
the operation of the relays oftener than the yearly periodic 
calibration and test. The carrier receiving relay has 2 
sets of contacts; one set is circuit-opening and opens the 
trip circuit; the other set is circuit-closing and is used to 
energize an auxiliary alarm relay which lights a light and 
rings an alarm. 

While this arrangement indicated whenever the trip 
circuit was locked out, it did not give any information as 
to the time required to lock it out or the length of time 
it remained open. A scheme was worked out for using 
the automatic oscillograph 
to give this information. A 
second auxiliary relay is 
connected with its coil in 
series with coil of the aux- 
iliary alarm relay. The 
contact of this second 
auxiliary relay is connected 
in series with a 6-volt bat- 
tery, a resistor, and one 
element of the oscillograph. 
The element of the oscillo- 
graph is one which is used 
to record one of the phase- 
to-phase voltages on the 
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A New Magnetic Flux Meter 


By GEORGE S. SMITH 


MEMBER AIEE 


Summary 


gaps by the existing methods, is almost as cumbersome 

as light measurements were before the introduction 

_of the photronic cell or photoelectric tube into that field. 

This paper describes a meter for the measurement of 

magnetic flux which seems to parallel the advance made 
in the lighting field. 


Ts MEASUREMENT of magnetic fields in air 


About 2 years ago a problem arose in connection with 
“some research work in which continuous measurement of 
somewhat varying magnetic flux values in air gaps was 
desired. A survey was made of the methods available, 
and no method was found suitable for the problem at hand. 
This problem then became the subject of somewhat 
extended research, the results of which are given in this 
paper. 

A variety of schemes have been used or suggested for the 
measurement of air-gap flux, most of which are of value 
only in some very special type of problem. The 2 most 
popular methods in use today are first by means of a 
galvanometer and a search coil and, second, by means of 
the change in resistance a bismuth wire exhibits when 
placed in a magnetic field. The first of these methods 
requires movement of the search coil and an instantaneous 
reading of the resulting galvanometer deflection. The 
second requires careful measurement of the resistance 
offered by the bismuth wire in the field, as well as that in 
zero field; the percentage change in resistance thus ob- 
tained is referred for interpretation to a calibration curve. 
As is evident, both methods are cumbersome for general 
use, and require care and skill for accuracy. This is 
especially the case in the use of bismuth, since a small 
change in temperature between measurements will often 
result in a considerable error in the results. Neither of 
these methods is well adapted to continuous measure- 
ments. 

After this research problem was well under way the 
author’s attention was called to a publication by F. S. 
Dellenbaugh, Jr.,! describing a miniature d-c generating 
armature for use in the continuous measurement of mag- 
netic fields, varying or constant. However, this method 
also has many disadvantages, especially from the stand- 
point of construction, where it is to be used in fields of 
very limited area, or in very small air gaps. 

The first attempt in this problem was to make an in- 
strument using the Hall effect.2**> This effect appears to 
be a distortion of the normal current path in a thin flat 
disk of metal in the presence of a magnetic field. Since 
various metals have differing Hall-effect factors, this effect 
seems to depend also upon some property of the material. 
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The Hall effect for bismuth is much higher than for most 
other metals except tellurium. This approach appeared 
very hopeful until higher flux densities were approached; 
then the readings became less, and finally reversed in 
direction. Figure 1 shows the wiring diagram of the ap- 
paratus used and the curves taken for 21 degrees centigrade 
and 48 degrees centigrade. As has been suggested by 
Craig® and Beekert,’ this method might be of value in 
the measurement of low values of flux density. 

The next step contemplated was to amplify the change 
in the resistance of bismuth by means of a vacuum- 
tube circuit, but this too appeared to offer many obstacles. 
Finally it appeared possible to obtain the desired results 
by using a bismuth resistor in each of the 2 diagonally 
opposite arms of a Wheatstone bridge, as shown in figure 
2, and placing both of these in the magnetic field to be 
measured. 

This research has resulted in a very satisfactory method 
of obtaining a direct and continuous reading of the flux 
density of magnetic fields, either steady or slowly varying. 
The same instrument can be calibrated for ranges from 
full-scale reading of a thousand gausses or less to as high 
flux densities as may be desired to measure. The calibra- 
tion curves for 2 ranges on the bridge are shown in figure 
3. Figure 4 shows the meter with the bridge removed from 
its compartment, ready for use. 

A study of many of the researches® in connection with 
the behavior of bismuth and other metals in the presence 
of magnetic fields revealed many points of value. The 
greatest amount of useful information was furnished by 
the curves shown in figure 5, plotted from data in the 
Smithsonian tables. These show the variations to be ex- 
pected in the use of bismuth at varying temperatures and 
varying flux densities. Fortunately the variation over 
the usual working range of temperatures is not very great, 
so that correction need be made only when more than 
ordinary accuracy is desired. 

Since bismuth is very brittle and is not easily worked, it 
is usually found pure only in lump or granular form. How- 
ever, its melting point is rather low (271 degrees centi- 
grade) and it forms well in acast. Accordingly, it was first 
cast in a double spiral groove, machined in the face of a 
brass plate and so arranged that the resulting spiral would 
be noninductive. A great deal of difficulty was en- 
countered in obtaining any great length with a small cross- 
section, but after many attempts 2 such spirals were 
obtained, of about 3.7 ohms each. These were built into 
a bridge, with very fine copper wire interwound between 
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Fig. 1. Voltage unbalance due to Hall effect 


the bismuth turns to form the remaining arms. This 
bridge gave such consistent results in the calibrations and 
various checks that still better results seemed likely from 
a bridge with higher resistance in the arms. Hence some 
bismuth wire was imported from Germany, and a bridge 
was constructed with 50 centimeters of 0.17-millimeter 
diameter wire in each spiral. Each arm measured about 
28.25 ohms. 

In the construction and tests on this bridge, a number 
of problems arose which were either partially or wholly 
solved. 

First, since bismuth has rather high thermoelectric 
effect when joined to most other metals, a considerable 
amount of error might result if the junctions of the various 
ends of the spirals were not kept at the same temperature. 
To avoid this the support for the bridge was made of a 
thin sheet of copper covered on either side with a very 
thin sheet of mica. To each side of this support were 
cemented the 3 thin flat copper leads; the spirals and 
balancing resistors were securely attached to the one end, 
and a bakelite terminal block to the other. The assembly 
of bridge and its leads was then covered on each side by a 
sheet of mica, for protection. The arrangement is clearly 
shown in figure 6. All junctions were made as near each 
other as possible so that very little difference in their 
temperatures could exist. The resulting thickness beyond 
the terminal block is 1.25 millimeters. No errors from this 
source have been detected, so that the temperature- 
equalizing strip may not be necessary. 

A second problem arose in the zero shift of the flux 
meter when the temperature of the bridge was increased 
or decreased. To overcome this a search was made for 
some metal having the same temperature coefficient as 
bismuth, but none could be found. By using a metal 
of higher temperature coefficient of resistance than bis- 
muth, and using only enough so that its resistance change 
would always be equal to the corresponding resistance 
change in the bismuth, the zero shift could actually be 
made zero. The remainder of the balancing resistance for 
each arm can be made of manganin resistor which may be 
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placed in the meter case. A portion of one of these should 
be made variable, in order to correct any possible zero 
displacements. 

The equation used to determine the value of such 
balancing resistors is as follows: 


zo = pRoay/ oz 


where 

7Ry = resistance of the balancing resistor at the assumed base 
temperature 

>Ro = resistance of the bismuth resistor at the assumed base tem- 
perature 

a, = temperature coefficient of the balancing resistor material at 
the base temperature 

ay = temperature coefficient of bismuth at the base temperature 


In this research the final adjustment had to be made by 


trial. Since some number 40 Brown & Sharpe silk-covered 
Fig. 2. Wir- 

ing diagram 
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nickel wire was available, it was used for the balancing 
resistance, though some very fine lead wire would probably 
be more desirable, since its specific resistance is much 
higher, it is entirely nonmagnetic, and it would be very 
easily formed in spirals. 

The several spirals were wound separately, and each 
was wound noninductive. The 2 spirals of bismuth were 
placed between those of nickel. With this arrangement 
quick changes in temperature often result in uneven heat- 
ing of the various spirals, and thus a temporary shift of 
the zero. This could be greatly reduced by interwinding 
the turns of bismuth and its balancing spiral. 

Figure 7 shows curves of several of the tests made in 
studying the zero drift and in correcting it. From the 
great amount of data taken before the zero drift was cor- 
rected the conclusion was evident that this tendency for 
the zero to shift caused no noticeable error in the measure- 
ments, provided the meter was carefully set on zero before 
the reading, and was checked again after it. The chief 
difficulty arose when the zero was set in a region of zero 
field and then the bridge was placed near some metal 
whose lower or higher temperature would slowly alter the 
temperature of the bridge. 
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A third problem presents itself when the temperature 
of the bridge varies any considerable amount from that at 
which the bridge is calibrated. A study of the curves in 
figure 5 will show that when great difference in tempera- 
ture is involved some corrections must be made, if any 
great accuracy is desired. In order to determine the 
variation to be expected in the bridge readings, a small 
thermocouple was built into the bridge, with the one 
junction placed between turns, as far into the bismuth 
spiral as possible. The other junction was carried back 
- into the meter case where a thermometer could be placed 
in contact with it. The thermocouple was then calibrated 
_ for the difference in temperature between these junctions, 
and it proved to be very sensitive and very accurate. The 
galvanometer used was external to the meter, though the 
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Fig. 3. Calibration of magnetic flux bridge 


Using a model 280 Weston 1.5-milliampere d-c meter having 
97 ohms resistance as flux meter 
Bridge current 21.3 milliamperes for O-7,500-gauss range; 
9.8 milliamperes for O-15,000-gauss range 

Bismuth arms at 23.7 degrees centigrade—28.21 and 28.95 
ohms 

Nickel arms at 23.7 degrees centigrade—21.80 and 21.78 
ohms 

Manganin wire in meter case used for remainder of nickel arm 

; balancing resistances 
Numbers on curves are temperatures in degrees centigrade 


galvanometer could be built in as an integral part of the 
meter. 

Figure 3 shows such calibrations for several tempera- 
tures. The flux meter itself could be calibrated for the 
usual temperature at which it would be used, say 22 
degrees centigrade, and curves could be supplied for 
enough temperature points above or below so that the 
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reading could easily be interpolated for any temperature 
within this range. 

A mathematical study of the resulting unbalance was 
made by assuming varying resistance values in the arms 
and varying currents supplied to the bridge. The wiring 
diagram is given in figure 8, and symbols are indicated 
for each of the values. The general equation for the un- 
balanced current in the flux meter in terms of the resistance 
in the arms, the flux meter resistance, and current sup- 
plied to the bridge, is 


yi RR: — RsR: 
® RiRe+ RRs +RsRi + Riki t+RiRy+RoRu+RsRutRiRy 


Iu 


In the construction of the bridge the resistances of the 4 
arms are made so nearly equal at zero flux that they may 
be considered equal. If then x be substituted to represent 
the resistance of each of the 2 bismuth arms, and if y be 
substituted to represent the resistance of each of the con- 
stant arms, the equation simplifies to 


pie ees eee 
Px +y + 2Ru 

For this study the bridge was assumed to be unbalanced 
by a flux which increased the resistance of the bismuth 
arms 50 per cent. Assuming the supply current to the 
bridge as constant, the equation was solved for varying 
values of arm resistance from 5 to 100 ohms and for Ry 
values of 10 ohms and 27 ohms. The results are shown in 
curves A and B, figure 8. 

However, in the operation of a bridge too much heating 
would result if the same J, values are kept for the higher re- 
sistances, unless the size and thus the heat-dissipating 
capacity are altered accordingly. A second set of compu- 
tations was made assuming the heat loss as constant, and 
thus the J, will be greater than 20 milliamperes for low 
arm resistances and less than that for high arm resistances. 
Curves E and F were calculated assuming a heating loss 
of 0.0112 watt. This was the loss allowed in the meter 
built, and also the resulting loss in curves A and B when 
the arm resistance was assumed to be 28 ohms. 

Curves C and D assumed half this loss, or 0.0063 watt; 
curves G and H assumed double the loss, or 0.0252 watt. 

Evidently little is to be gained by using an arm resistance 
more than 2 or 3 times the flux-meter resistance, even if 
the bridge current is kept constant for all values. As is 
also evident from curves C to H, with a constant loss the 
arm resistance should be about equal to the flux-meter 


Iy = 


Fig. 4. Mag- 
netic flux 
meter 
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resistance. Thus a desirable flux meter will have a resist- 
ance as small as possible, providing it is at the same time 
sufficiently sensitive. With such a meter, a bridge can be 
made which will be both sensitive and very small in size. 
Such a bridge would be well adapted to measure fields of 
rather small dimensions, and would give more accurate 
results in nonuniform fields. Since flashlight batteries 
would commonly be used as the source of voltage in the 
bridge, the current value should be kept as low as possible 
to give the results desired. Also 2 bridges might be used 
with the same meter: one with very small total area, 
wound of small diameter wire, the other with heavier 
wire and thus a much larger total area. The diameter 
of such a small bridge might be limited to 5 millimeters 
or less; that of the larger one might be 25 millimeters or 
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zero flux density (from Smithsonian tables) 
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more. The former would take less current, would be less 
sensitive, but could be used in very small field areas. The 
latter could be made very sensitive by using a large bridge 
current, but its use would be limited to uniform fields of 
much larger areas. 

A given meter may be calibrated to be used for a wide 
range of measurements. For the calibrations shown in 
figure 3, the range of the instrument was doubled by a 
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reduction in the current supplied to the bridge. In q_ 
similar manner the range could be still further increased 
to a maximum as high as is desired. However, to obtain a 
lower range with the same bridge, either a greater bridge 
current must be used, or a flux meter of the same or greater 
sensitivity but with lower resistance. 

The same bridge used for the curves in figure 3 had a 
full scale range of approximately 2,000 gausses when used 


Fig. 7. Zero 
drift with tem- 
perature change 


Type and value of 
balance arm resis- 
tors: 


FLUX METER ZERO UNBALANCE — 
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A—Manganin, 
5 30 40 50 

equal to bismuth TEMPERATURE — DEGREES CENTIGRADE 

B—Tantalum, equal to bismuth 

C—Copper, equal to bismuth 

D—Nickel, approximately 18 ohms each 

E—Nickel, approximately 22 ohms each 


The final balance was too near zero to be shown on curves 


with a Weston model 322 meter, having a resistance of 18.4 
ohms and a full scale reading of 0.1 milliampere. By in- 
creasing the current to the bridge from 21.3 to 30 milli- 
amperes the full scale range was further reduced to ap- 
proximately 1,700 gausses. 

Some work was done in determining the amount of 
current which could be used before the heating is notice- 
able or dangerous. A piece of the 0.17-millimeter bismuth 
wire was soldered to light copper leads, and was formed 
into a small loop with a thermocouple inside the loop. 
The whole was cemented between thin mica sheets. The 
results showed that up to 50 milliamperes no appreciable 
temperature rise was noticed, and that at 75 milliamperes 
the temperature increased only about 2 degrees centigrade 
above a room temperature of about 21 degrees centigrade. 
The current was increased to 800 milliamperes; after 
about 20 minutes the wire was very hot, but still was in 
no danger of melting or burning out. In operating the 
bridge at 20 milliamperes no noticeable temperature rise 
takes place, and possibly higher currents could be very 
safely used. 

For calibration purposes an electromagnet was built to 
give a flux density of at least 20,000 gausses between the 
parallel circular pole pieces, 3.8 centimeters in diameter, 
when the air gap between them is set at 5 millimeters. 
From this diameter the pole pieces taper outward at the 
Ewing optimum angle of 51 degrees to a final diameter of 
7.6 centimeters. This setting results in a very uniform 
air-gap flux between the parallel faces. A one-turn search 
coil 2.9 centimeters in diameter is hinged on an arm and, 
by means of a catch, is held well within the uniform por- 
tion of the field. Beside it may be placed other measuring 
devices for comparison or calibration. Upon release of 
the arm, the search coil is automatically swung out into 
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Fig. 8. Bridge sensitivity curves 


Variation of Ia, with varying resistance 
in the bridge arms 


Ry = 10 ohms for all full-line curves 
Ry = 27 ohms for all dashed-line curves 
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a zero-flux field by means of a spring, and the impulse 
due to the induced voltage is read on a ballistic galva- 
nometer. 

To calibrate the galvanometer, a standard solenoid was 
very carefully constructed with length 174 centimeters and 
diameter 7.9 centimeters, giving a ratio of length to di- 
ameter of 22to1l. The calibration constant of the galva- 
nometer and search coil obtained by means of the standard 
solenoid was 1,844 gausses per unit deflection on the 
galvanometer. This appeared to be fairly constant for 
deflections up to 4 or 5 units, but decreased by small 
measurable amounts at the higher values. 

A calibrated bismuth spiral just received from Germany 
was used as a check on the ballistic method. Table I gives 
the results of a very careful check made between the 2 
methods. 

The lowest flux-density value results ina constant slightly 
over 2 per cent greater than the calculated one; values at 
the higher densities more nearly check the calculated 
values. As appears in table I and as was previously men- 
tioned, the constant becomes smaller at the higher 
galvanometer deflections. As a compromise between the 
2 methods, a curve was plotted of constants against 
galvanometer deflections, the values of which were taken 
as a reasonable mean between the 2 methods. 

A considerable number of calibration data were obtained 
on the various bridges tried, under various temperatures 
and other conditions. Unusual care was taken in obtaining 
the curves shown in figure 3. Several check curves were 
taken at 22 and 30 degrees centigrade, some by means of 
the German spiral only and others by means of the 
galvanometer. Very few of the points thus obtained varied 
more than 1.5 per cent of full scale value above or below 
the mean curves, and most of the values fell on or very 
near the curves shown. From all the experience gained in 
the use of the bridge the conclusion seems reasonable that 
the meter will duplicate its readings to a greater degree 
of accuracy than can be expected from the usual calibrat- 
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ing apparatus, which probably ranges close to 2 per cent. 

A summary of the advantages and disadvantages of the 
meter—most of which have been indicated in this discus- 
sion—makes evident that by the use of 2 bismuth elements 
instead of one, the indication for a given flux density 
value is very greatly increased, and that it arrives at its 
final value almost as soon as the element is placed in the 
field, remains constant if the field is constant, or varies 
with the field if the change is not too rapid for the meters 
to follow. If the various arms of the bridge are so con- 
structed that the changes due to temperature are similar 
in each, small temperature changes, so troublesome with 
a single spiral, are entirely, or almost entirely, obviated. 
A single bridge and meter may be calibrated for a very 
wide range of flux densities, from the lowest the meter- 
and-bridge combination will give to the highest desired. 
By including more than one bridge with the same meter, 
the combination can be adapted for measurements in 
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very small areas, as well as for larger areas of comparatively 
low densities. Probably the greatest disadvantage of the 
meter is the change in the indication for a given flux 
density when the bismuth temperature is changed either 
above or below that at which the meter is calibrated. 
Where great accuracy is desired readings must be corrected 
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A Suggested Course on Industrial Economics 


and Business Methods 


By R. E. HELLMUND 


FELLQW AIEE 


Synopsis 


effect that they do not pay sufficient attention to 

economic and business factors, a brief review of the 
present activities of engineers is given. It is pointed out 
that they are extensively and successfully handling eco- 
nomic problems relating directly to their specific line of 
work but that they are inclined to overlook other eco- 
nomic and business factors equally important but some- 
what removed from their daily tasks. In order to stimu- 
late the interest of the younger engineers in economics and 
to give them a broader viewpoint of the business enter- 
prises in which they will be engaged, a brief but fairly com- 
prehensive course on “industrial economics and business 
methods”’ is advocated to be given in preference to some 
of the highly specialized technical courses now forming 
part of the undergraduate curricula. The paper outlines 
the type of subjects which seem suitable for this course 
and further recommends that analytical methods of at- 
tack be employed to a greater extent than is now customary 
in economic studies. 


| VIEW of the frequent criticism of engineers to the 


The general criticism of engineers during recent years 
to the effect that they have not paid sufficient attention 
to economic and business factors surrounding their work 
is a challenge to the engineering profession. This criti- 
cism has almost created an impression that economic 
considerations are more or less foreign to practicing engi- 
neers. However, even a cursory examination of actual 
conditions shows that this is far from the truth. An 
industrial plant engineer, for example, when considering 
the installation of a power plant, will make very extensive 
and detailed economic calculations covering various plans. 
His studies probably would include a comparison of the 
economic merits of power purchased from a public utility 
and that generated in a privately owned plant, as without 
this information it is not likely that any management 
would appropriate funds for the undertaking. In fact, 
an appreciable part of the time of most plant engineers 
who deal with the purchase and installation of any equip- 
ment is devoted to economic studies of some kind or other. 
If we now turn to the design engineer, we find that he too 
spends a large part of his time in working out the most 
economic designs and in analyzing items affecting costs. 
A designer of household refrigerators, for instance, would 
not hold his position very long if he did not devote a great 
deal of his time to economies in design. When it is con- 
sidered that with the quantities produced by some manu- 
facturers a one-cent saving on each unit means an annual 
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saving of $1,000 to $4,000, the need for this is obvious. 
Similarly, the manufacturing engineer tries continually to 
find ways and means for reducing manufacturing costs 
and in so doing makes numerous comparative economic 
studies. The utility engineer, in considering the extension 
of a distribution line to reach new customers, will as a 
matter of course make calculations to see whether the 
extension is justified from an economic point of view. In 
general, the time of most engineers is taken up to a great 
extent with economic considerations, and the majority of 
engineers have furthermore proved well able to cope with 
problems and calculations of this nature. The analytical 
methods required for this purpose are much simpler from 
a theoretical point of view than many other problems that 
engineers have to solve in their daily work. 

Nevertheless I am in accord with those who feel that 
engineers should interest themselves to a greater extent 
in economic factors, and the suggestion frequently offered 
that the curricula of engineering schools be modified to 
bring this subject to the foreground seems a step in the 
right direction. Engineers who successfully handle cer- 
tain economic problems too often entirely overlook other 
economic and business aspects, or at least do not suffi- 
ciently appreciate their importance. It is not at all uncom- 
mon to find designers who spend much of their time in 
devising machines that can be economically built and 
operated advocating commercial or engineering ventures 
which as a whole are economically unsound. As an illustra- 
tion: In these days when air conditioning is receiving wide 
attention, endless schemes which could not possibly be 
commercialized within a reasonable period of time are 
being proposed by serious and capable engineers. Pro- 
posals are being made, for instance, to install internal 
combustion engines in homes or small commercial establish- 
ments for the purpose of furnishing both heat and electric 
power, and extensive studies are being made to improve 
the thermal and electric efficiencies of these arrangements. 
At the same time, the fact that this apparatus at present 
cannot be manufactured, marketed, and installed under 
a cost of several thousand dollars is being entirely over- 
looked. This in turn means that the interest on the in- 
vestment and the allowance for depreciation and main- 
tenance would about equal the cost at which these 
services can now be obtained more conveniently by 
using one of the existing methods of heating and by 
buying power from a public utility. The proponents of 
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these arrangements will at times give consideration 
to the cost of the production of the equipment but will 
often entirely ignore the expense involved for sales effort, 
warehousing, shipping, installation, and servicing of the 
equipment. If this is brought to their attention, they will 
pass it over by stating that the distribution costs can be 
held low and they seem to have no appreciation of the 
fact that the reduction of these expenses is more difficult 
than the reduction of manufacturing and other more 
tangible factors of expense. 

Similarly, the engineer who purchases equipment often 
acts contrary to sound economic laws by ordering special 
apparatus when standard apparatus would be satisfactory 
and more economical. The sales engineer in his eagerness 
to secure business will agree to furnish specials when it is 
obvious that this means additional expense to the manu- 
facturer and that in the long run these expenses will be 
passed on to the purchaser. This practice of increasing 
the manufacturing cost is frequently followed by engi- 
neers who will on the other hand go into the most minute 
details in calculating economies in their own part of the 
undertaking. 

This inclination on the part of the engineer to study 
economic factors having a direct bearing on his own work 
and to pay so little attention to other equally important 
ones entering into an enterprise is, of course, not greatly 
different from that found in other forms of human en- 
deavor. It is a common failing of human nature to give 
undue emphasis to factors of direct and immediate interest 
and to overlook others of equal or even greater importance. 
The most natural way of eliminating this shortcoming 
would seem to be to give the engineer a broader point of 
view of industrial economics during his early education. 
Some schools have departments for industrial engineering 
in which courses relating directly or indirectly to specific 
phases of industrial economics are given. The titles of 
some of these courses indicate a rather broad study, but 
they are often found to be limited in scope. Nevertheless, 
industrial engineering students whose programs include a 
number of these specific courses may carry away with them 
a reasonably broad conception of the important factors 
entering into industrial economics. A review of the cur- 
ricula of other engineering departments, such as the elec- 
trical, mechanical, and civil engineering, indicates that 
but one or 2 courses relating to a more or less specific 
phase of industrial economics are listed as electives, and 
that in a few isolated cases one or the other of these 
courses is compulsory. This practice, however, falls short 
of the previously indicated need for giving the student a 
broad point of view in industrial economics. In order to 
satisfy this need, a fairly comprehensive course on ‘‘in- 
dustrial economics and business methods,”’ relating pri- 
marily to the problem of the supply and use of manufac- 
tured goods or articles, should be given to students of 
electrical, mechanical, and chemical engineering. This 
course may also be helpful to students of civil engineering, 
although the interest of civil engineers is more or less 
confined to the use of manufactured goods and problems 
relating to their production are of less importance to them. 
It is evident that a course of this nature cannot possibly 
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cover all phases of economics, nor can it treat any phase 
in detail because of the endless variety of economic prob- 
lems arising in industry. Nevertheless it is believed that 
in a 2-hour course carried through 2 semesters, many im- 
portant subjects can be covered and the student given a 
fairly broad perspective. An attempt will be made here 
to outline such a course and to indicate the type of eco- 
nomic studies that seem desirable as a part thereof. 
Frequent reference will be made to publications and 
textbooks containing material that seems to be suitable 
for supplementing the brief remarks and principles stated 
in the following. 
The essential factors of industrial economics include: 


Supplying goods 
Direct labor 
Works overhead 
Materials 
Test and inspection 
Design, engineering development, dies, and fixtures 
Storage, distribution, and servicing 
Installation 


Using goods 
Iuterest charges on investments 
Depreciation 
Operating expenses 
Maintenance expenses 
Scrap value 


Factors of interest to both supplier and user 
Statistical methods 
Standardization 
Organization 
Personnel questions, etc. 


Problems relating to the over-all operating results of the individual 
economic units 

Price limitations 

Business volume 

Expense control 

Budgeting, etc. 


A. Economics of Using Goods 


Although, chronologically, the supplying of goods pre- 
cedes the use of them, the supplier should give considera- 
tion first to their use. Goods are created for some use or 
other and only those goods which accomplish their in- 
tended purpose in the most economical manner are worth 
creating and marketing. The user of goods is, of course, 
interested primarily in this phase of economics. Often 
his problem is to determine whether goods purchased for 
a given purpose represent an economic undertaking on his 
part, and he should in all cases select from a number of 
possible choices the goods that will most economically 
serve his specific purpose, regardless of whether a business 
problem or his personal comfort or pleasure is involved. 
The basic principles governing these considerations are 
well set forth in available textbooks and therefore need 
not be covered here in detail. (See references 1 and 2; 
an abbreviated version giving the essentials presented 
in chapters 1 to 10 of reference 1 seems well suited for 
presenting this material. See also chapter 2 of reference 
27 for a brief treatment of the subject.) The considera- 
tions of the user relate in the majority of cases either to 
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but one or to a limited number of specific applications, 
but the supplier’s problem is much more complex. He 
is often confronted with the necessity of considering a 
great many uses of a proposed article of manufacture 
under various conditions of application and as affected 
by many economic factors. It is necessary for him to make 
a rather complete market analysis in order that he may 
supply goods which will be applicable by many users 
and which can therefore be manufactured in quantities 
sufficiently large for successful commercial exploitation. 
The manufacturer’s point of view and methods of analysis 
are covered in some of the available textbooks. (See in 
particular reference 14, chapter 4. The considerations 
given in this reference apply essentially to equipment used 
in industry but the fundamentals apply equally well to 
manufactured goods of the so-called ‘‘merchandising”’ type 
used by the public at large.) 


B. Economics of Supplying Goods 


1. Cost AND EXPENSE Facrors 


In a study of the economics of supplying goods, the 
cost factors entering into the manufacture of industrial 
goods should be briefly reviewed. (See, for example, 
chapter 7 of reference 3.) However, the distribution of 
goods also is very important from an economic viewpoint 
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and the discussion should be extended to cover this phase 
as well. Graph I shows the cost distribution as it may 
apply to the manufacture and marketing of a heavy piece 
of machinery. This graph is in accordance with the 
customary accounting practice but gives only the major 
divisions, showing the 3 major cost factors relating to 
works production and giving as a single item all other 
factors entering into the total cost to the manufacturer 
under the assumption that he sells directly to the ultimate 
user. In graph II, the items given as “general overhead” 
in graph I are further subdivided, and the expense for stock- 
ing and obsolescence of stock usually involved in the hand- 
ling of certain part stocks in the works organization is com- 
bined with the other expenses for stocking and obsolescence. 
The principal purpose of showing theexpense in this manner 
is to stress the fact that there are, in addition to the usual 
manufacturing activities in industry, a number of other 
very definite and unavoidable functions presenting eco- 
nomic problems of great practical importance. Graph III 
shows the segregation of expenses as they quite commonly 
apply to merchandising articles, which require the service 
of distributors and dealers in addition to the function of 
the manufacturer in order to meet the demands of a broad 
market. With articles like this, certain selling and ad- 
vertising expenses may be encountered by the manufac- 
turer, distributor, and dealer, and therefore graph IV has 
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been drawn combining these expenses as a single item; 
shipping, stocking, and obsolescence as another; and field 
servicing and adjustment expenses as a third. This again 
shows that expense items other than those for manufac- 
turing are of even greater importance than those shown in 
graph II. Because of the difficulty in obtaining accurate 
data from all 3 parties involved, no claim can be made 
for the accuracy of the proportions shown; however, it 
is believed that they are nearly correct for certain mer- 
-chandising articles. These graphs are given because no 
suitable references could be found elsewhere. 
Each of the items shown in graphs II and IV involves a 
number of further subdivisions, each having its own 
economic aspects, and it is obviously’ impossible to dis- 
cuss all of them in a brief course. However, it seems de- 
sirable to exemplify the general principles involved by an 
analysis of some of the more important subdivisions 
and merely to mention some of the other problems of an 
economic nature. 


2. Drrect LABOR 


In the labor item, rate setting for the shop personnel 
is one of the most important factors subject to economic 
study. A great deal has been written about this (references 
4, 5, and 6) and excellent results are now being obtained 
in this work. This subject should be covered briefly in 
the course (see reference 4, chapters 16 and 17). Closely 
tied in with the subject of rate setting is that of incentives 
(briefly covered in reference 4, chapter 39; see also refer- 
ence 27, chapter 21). In this connection, the economic 
influence which incentives for speed may have upon 
quality and the consequent need for additional inspection 
and field adjustment expense, should be carefully con- 
sidered. In the labor study, certain relations between 
production factors and the law of diminishing returns are 
of practical importance (chapter 8, reference 3) and may 
be discussed here although the broad principle applies to 
many activities. Another item of importance in labor 
costs is the determination of lot sizes giving the most 
economic results (reference 7). Consideration of suitable 
methods and equipment for all manufacturing operations 
and the economics of handling parts and complete pieces 
of apparatus in their flow from one manufacturing opera- 
tion to another (reference 27, chapters 13 and 14), as well 
as comparisons of the merits of centralization and decen- 
tralization of some maufacturing operations (reference 
24), are all essential in studies of labor expense. 


3. WORKS OVERHEAD 


Equipment for manufacturing purposes represents an 
important item affecting works overhead. A plant engi- 
neer in considering the installation of equipment for 
manufacturing operations usually acts as the user of 
products manufactured by others and he thus makes use 
of methods previously referred to in the ‘Economics of 
Using Goods.” In addition, he must of course compare 
the overhead expense caused by different types of equip- 
ment with the savings in labor costs that can be realized 
with each type. (See reference 27, chapter 8.) These 
calculations, which must allow for such factors as interest, 
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depreciation, maintenance, cost of power, replacement, 
etc., are usually specific for each case, but there are basic 
principles which apply to all of them. (See references 1 
and 8; also chapters 9, 10, 11, and 12 of reference 27.) 
New manufacturing equipment is an item in works over- 
head which must be taken into account at rather frequent 
intervals. There are also many other items, such as 
depreciation in buildings, insurance, lighting, cleaning, 
supervision, which require analysis less frequently but 
which must be reviewed at the proper time. As an ex- 
ample, the construction of a plant and its best geographical 
location involve a great many economical problems, 
some of which have an important bearing on works over- 
head expenses (reference 27, chapter 3). 


4. MATERIAL Costs 


The material content of any manufactured article is 
essentially a question of design, with problems more or less 
specific to each case. However, important general eco- 
nomic considerations enter into this, such as methods of 
standardizing and stocking raw materials which will make 
available a sufficient variety of materials to permit satis- 
factory and economical design and at the same time limit 
and rationalize available types and sizes of materials. This 
is of prime importance in reducing expenses for storage 
and investment and makes possible the purchase of ma- 
terial in large quantities, with corresponding reduction in 
price. (See reference 9; also chapters 6 and 7 of reference 
27.) The purchase of material again involves numerous 
economic considerations. The methods of purchasing 
and the underlying basic principles represent an extensive 
study in themselves; only a brief reference to some of 
the basic considerations seems justified. (See second half 
of chapter 6, reference 27; for additional material see 
reference 22, chapters 1 and 2, and possibly reference 
23, chapters 8 and 9.) 


5. TEST AND INSPECTION 


Proper inspection and testing methods for manufactured 
articles and parts require detailed study and are referred 
to separately because the expense for these activities is at 
times considered part of the labor cost, at times part of 
the cost of materials, and in other cases as a works over- 
head item. Itis evident that articlesshould not be marketed 
without assurance, through inspection and test, of satis- 
factory field service in the majority of cases. Any appreci- 
able amount of difficulty in the field will lead to uneconomi- 
cal results through field expense and adjustment and the 
loss of the goodwill of the customer and, as a consequence, 
to increased sales resistance and sales expense. On the 
other hand, a method of inspection and testing giving 
100 per cent satisfaction in the field may prove so costly 
as to be uneconomical from an all-round point of view. 
It is therefore highly desirable to devise inspection methods 
which strike the proper balance between the 2 extremes. 
Through the proper utilization of statistical data, a good 
deal has been done recently to put inspection activities 
on a more or less scientific basis and a brief study of 
material of this nature as part of a course on economics 
seems desirable. (See references 10 and 11.) While in- 
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spection activities are usually associated with the manu- 
facture of goods, suitable methods are also of value to the 
users, who quite frequently find it expedient to undertake 
inspection and check tests of their own. 


6. DESIGN, ENGINEERING DEVELOPMENT, 
Di®s AND FIXTURES 


It is obvious that many economic considerations enter 
into design and engineering development activities. It 
has always been the major activity of the design engineer 
to develop apparatus which not only is effective and eco- 
nomical for the intended purpose but which also, through 
minimum expense for labor and material, can be produced 
cheaply. Apparatus must also be designed so that it re- 
quires the minimum expense for shop equipment and 
consequently low works overhead. The considerations 
vary to a great extent with the type of apparatus involved 
and can hardly be made the subject of a general study. 
However; a general activity which is becoming of increas- 
‘ng importance in economical design is that of carefully 
planning the design of an entire line of apparatus with 
all anticipated variations. With the continually increasing 
variety of sizes and ratings required, the multitude of 
service conditions to be met, and many other factors adding 
to the complexity of the problem as a whole, this pro- 
cedure is essential. Not so long ago it was customary to 
design more or less independently the various sizes of a 
line of apparatus to meet the usual and standard require- 
ments and subsequently to modify such designs to meet 
special requirements. This method of attack may still 
be satisfactory in cases where one type of design and 
possibly a few sizes or ratings represent the major part 
of the entire demand and where special requirements are 
the exception rather than the rule. In these cases, con- 
sideration of the standard variety should predominate and 
the few exceptions can be made the subject of secondary 
consideration. However, in the majority of cases such 
conditions no longer apply and a much better method of 
attack consists in designing a line’ of standard parts which 
are flexible in their use and permit the assembly of the 
many varieties demanded by the market. In planning a 
line of parts, a great deal of attention must be given to 
the simplification of stocking and routing of the parts 
so as to permit quick delivery of almost any reasonable 
combination and to the possibility of combining parts 
readily in a number of assembly plants or in the field, as 
the case may be. The necessity for meeting the more 
complex present-day problems should be recognized to an 
increasing extent by the designer. With the proper ap- 
preciation of this, it will usually be found possible through 
the choice of a rational line of parts of evenly spaced di- 
mensions or characteristics to realize the most economical 
production of an entire line of apparatus with all reason- 
able variations rather than the production of a few so- 
called “standard assemblies” at a minimum cost. This 
can best be illustrated to the student by a few examples of 
specific apparatus designed in accordance with the 
principles previously mentioned (references 12 and 13). 

Closely tied in with the development and design of a 
line of apparatus and usually considered as part of the 
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development cost are the tools, such as dies, fixtures, 
molds, etc., needed for manufacturing the specific line as | 
distinguished from the general-purpose tools. The ex- | 
pense for these tools can also be materially influenced by 
the planning of the entire line (see reference 27, chapter 
12). Numerous problems arise in the planning of tools 
best suited to and most economical with the anticipated — 
volume of manufacture, life of the design, interchange. — 
ability of parts, etc. As part of all development activities, 

it is very essential to determine whether the development 
costs can be recovered within a reasonable period from the 

sale of the device, the estimated sales volume being based 

upon previous experience or on a recent market analysis, 

The engineer’s own work must, of course, be so planned 

that it can be carried on economically, and in addition to 

the design work, economic methods of making estimates in 

answer to customers’ inquiries must be worked out. It 

is often difficult to decide whether this work should be car- 

ried on more or less completely for each individual project 

as it comes up or whether it is more economical to pre- 

pare extensive data which will facilitate the ‘work in 

general and reduce the expense for estimating on the 

individual inquiries. (For additional discussion on esti- 

mating, see reference 27, chapter 5.) As part of the esti- 

mating and bidding on special apparatus, it is frequently 

necessary to decide whether it is more economical to accept 

orders involving highly specialized requirements or to 

forego such business. Although the decision in these 

cases is frequently influenced by competitors’ practices, 

a good fundamental rule for the engineer to follow is to 

assume a sympathetic attitude toward those requirements 

for which there is economic justification or a real need and 

which therefore warrant a price sufficiently high to cover 

at least part of the extra costs of development or manu- 

facture. (For additional discussion on engineering work, 

see reference 27, chapter 4.) Industrial research can be 

considered as part of engineering and it also has its eco- 

nomical aspects (see reference 27, chapter 16). However, 

as it is usually difficult to find a definite measure for the 

benefits derived from research work, it is not easy to 

determine just how much an industrial enterprise can 

afford to appropriate for this purpose. 


7. STORAGE, DISTRIBUTION, AND SERVICING 


The economic problems relating to marketing and its 
subdivisions, such as selling and advertising, shipping, 
stocking, and obsolescence, installation and field service 
and adjustments, are often less tangible and therefore 
more complex and difficult than those previously dis- 
cussed. This is no doubt one of the reasons why they 
have been subject to less analytical treatment, as a result of 
which less progress has been made in finding economic 
solutions for the many problems and in the reduction of 
the high costs of distribution. This, however, only em- 
phasizes the importance of these problems and the ad- 
visability of giving them an appreciable amount of time 
in a comprehensive course on economics, which is further 
supported by the fact that a large percentage of engineer- 
ing graduates take up this work after entering industry. 
Although there is a good deal of literature available on 
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_the marketing of so-called ‘‘merchandise’’ and various 
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business courses given at the colleges treat this subject 
extensively, comparatively little has been written regard- 
ing the marketing of industrial goods. However, a few 
good books covering this subject have been published 
recently and liberal use should be made of their contents 
in bringing before the engineering student the importance 
of marketing problems relating to equipment originated 


by engineers. (See references 14, 15, and 16; in particular, 


chapters 5, 6, 8, and 9 of reference 14 and chapter 2 of 
reference 16; also chapter 17 of reference 27.) The 
references given relate to the marketing of industrial 


equipment to industry, but it seems that there is prac- 


tically nothing available on the marketing of highly 


_ technical industrial goods, such as refrigerators and elec- 


trical heating devices, to the public, though the problems 
in connection with this activity are becoming of increasing 
importance. It is evident that the methods of marketing 
these articles to the public differ greatly from the market- 


ing of regular consumption merchandise, such as food, 
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articles of apparel, and the like, and that they therefore 
deserve separate and thorough consideration. 

In the sale of industrial products, which activity in the 
case of industrial products is carried on principally by 
engineering graduates, the success of the sales engineer 
depends to a great extent upon his ability to analyze his 
customers’ problems properly from an economic point of 
view. It is therefore essential that he be familiar with a 
great many of the factors and methods of analysis out- 
lined for the proposed course. 


8. INSTALLATION 


The installation and also the proper application of in- 
dustrial products may in many cases be a major, or at 
least an appreciable item of expense. This expense will 
be incurred by the manufacturer, distributor, dealer, 
contractor, or user. Important economic problems may 
be involved but these are so varied and numerous that it 
is difficult to outline even the more important considera- 
tions in the brief course under discussion. 


C. Interrelation of Economic Factors 


The divisions given in the graphs and discussed in the 
foregoing, as well as the divisions of most accounting 
practices and systems, represent an attempt to segregate 
various major types of costs or expenses and to place the 
responsibility for these various expenses upon the different 
departments of an industrial organization, such as the 
works, engineering, sales, and executive departments. 
However, these purposes are accomplished only to a 
limited extent, and it moreover appears to be practically 
impossible to devise any system which permits even an 
approach to a clean-cut division of responsibility among 
the various functional divisions of an organization. It 
is true that items such as labor, material, and works 
overhead are usually considered the major responsibility 
of the works organization, but the previous discussion 
indicates quite clearly that these items are about equally 
dependent on the activities of the design engineers. 
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(Additional evidence supporting this can be found in 
reference 17, for instance, or reference 27, pages 52 to 58.) 
Similarly it can be shown that the engineering depart- 
ment’s work appreciably influences the economic factors 
relating to marketing. The engineer’s success in meeting, 
or his failure to meet, the requirements of the market and 
in designing for sales appeal will greatly influence the 
market acceptance or the sales resistance encountered and 
consequently will materially affect the sales expense and 
also the volume of sales. The latter, in turn, will indirectly 
influence the cost of production and so forth. The engi-: 
neer also influences to a marked degree expenses for field 
service, field adjustments, and installation. Finally, the 
engineer, particularly in his ability to design parts and 
devices permitting flexibility of assembly and application, 
may affect expense for stocking, shipping, etc., appreci- 
ably and also the possibility of quick deliveries, which 
will directly affect sales volume and, indirectly, various 
production cost factors. There are few economic factors: 
in industrial activities which are not influenced to some 
degree by the design and development engineer. The 
same holds true of the activities of the works organization. 
Faulty workmanship or material will result in expenses 
for field adjustments and will increase sales resistance and 
other unfavorable influences; similarly, inability to make 
quick deliveries because of some shortcoming of the works 
organization will bring with it unfavorable economic 
results. The sales organization in turn can materially 
increase engineering and development expenses by request- 
ing estimating when there is no reasonable prospect of 
obtaining orders, or by accepting orders for special ap- 
paratus when standards might be sold. Examples of the 
influence of the activities of one division upon the economic 
operation of other divisions could be cited almost in- 
definitely. This very condition, which is practically un- 
avoidable in modern organizations with functional activi- 
ties, makes a comprehensive course on industrial eco- 
nomics and business methods highly desirable in an 
engineering curriculum. As pointed out in the beginning 
of the paper, almost any department can handle its own 
major economic problems satisfactorily, but much im- 
provement seems possible through appreciation by any 
one department of the effect of its activities upon the 
economies of other departments. 


D. Miscellaneous Factors of 
Economic Importance 


In addition to the activities discussed, there are a 
number of others the responsibility for which it is difficult 
to place with any one division of an organization. In 
these cases, results can be obtained only through the co- 
operation of several divisions, or perhaps even though 
the co-operative action of persons throughout the entire 
industry. Under these conditions, it is of course difficult 
to work out an economic solution of the problem at hand. 
The most outstanding item of this nature is standardiza- 
tion, and no course in industrial economics can be con- 
sidered complete if it does not devote appreciable time to 
the economic possibilities of proper standardization. Not 
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only should the value of standardization be pointed out 
(see reference 3, chapter 9), but methods facilitating 
standardization also should be given, such as the use of 
simplified practice and the application of preferred num- 
bers (references 18 and 19; also chapter 15 of reference 
27). An essential step in standardization frequently 
consists in the choice of proper standard sizes and ratings 
with satisfactory steps between. This is very important 
from an economic viewpoint (reference 20 or 21). Some 
problems involved in standardization have been previously 
referred to in the discussion of the standardization of 
materials (reference 9) and the standardization and design 
of parts permitting flexible assembly (references 12 and 
13). 

Another factor which is of economic importance and 
which cannot be handled by the individual units is that of 
organization and the proper correlation of the various 
units to facilitate the work. The course, therefore, might 
make reference to different types of organization (reference 
3, chapter 11). Unfortunately various treatments on 
organization in available textbooks are merely of a de- 
scriptive nature and some authors of articles or papers are 
prone to advocate in a controversial manner organizations 
of some particular type. In considering various types of 
organization, it is essential to recognize that any one of them 
may result in the best economic results under certain 
conditions, and, furthermore, that within the larger 
industrial organizations nearly all types of organization 
can be used to advantage for different activities and 
at different levels of the organization. For example 

a large company may be divided into various units, 
each producing a certain line of products while within 
each unit the organization may be along functional 
lines. In addition, it may be and usually is advis- 
able to have a staff for co-ordinating certain func- 
tional activities of the various units as well as certain 
centralized functional activities. It is most essential that 
any treatise on organization should give, in addition to a 
description of the various types, some consideration to 
the factors influencing the choice of one rather than the 
other type of organization for any set of conditions. 

Other activities usually not associated with economics 
nevertheless have economic aspects which may be pointed 
out briefly. Examples are: personnel questions, educa- 
tional and training activities, and even social and welfare 
arrangements. (See chapter 20 of reference 27, also chap- 
ters 13 and 19 of reference 25 or chapters 14, 17, and 20 of 
reference 26.) The expenditure for educational activities, 
for instance, should be in keeping with the subsequent 
savings derived from having the work performed by a 
personnel which has benefited from such education. 


E. Analytical and Mathematical Treatment 
of Economic Studies 


In reviewing material available on industrial economics, 
it has been observed that too much of it is of a descriptive 
nature and that there has not been much attempt to attack 
the problems in an analytical manner. As just indicated, 
the treatments of organization, for instance, are frequently 
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descriptive or of a controversial nature and lack the objec- 
tive and analytical point of view which the engineer should 
have in all of his work. In many instances it is quite 
possible to attack a problem by mathematical methods, 
and this is advisable even though a complete mathematical 
solution is not possible. Frequently even a partial mathe- 
matical solution establishes certain facts, which with the 
use of good judgment regarding other factors is much more 
likely to give better results than relying entirely on 
judgment. (For examples of this see references 7 and 20 
or 21, also some chapters of reference 27.) 

The analytical treatment of many economic problems 
will eventually be dependent upon statistical data and 
statistical methods of using these data, and for this reason 
some time should be given to a study of such methods, 
reference to which has already been made in the discussion 
of test and inspection (references 10 and 11). Other 
presentations of statistical methods for engineering prob- 
lems have been published (see reference 1, chapter 14), 


F. Basic Considerations for Economic Units 


An economic unit as referred to here may be an indi- 
vidual, a household, partnership, or a company; again, 
it may be a municipality, a state, a society, etc. The 
previous outline clearly indicates that economic con- 
siderations enter into nearly every activity connected with 
an industrial product, from its inception, design, or de- 
velopment to the time it is used up and ready for the scrap 
pile or to be disposed of in some way or other. Various 
and typical examples of economic questions have been 
discussed. Assuming that all industrial activities are 
carried out with due consideration to economy, it is further 
most essential that the over-all picture be sound from an 
economic point of view. If we assume, for instance, the 
simplest case where all activities are carried on within 
a single industrial unit, this means that the cost of creating 
a product must be equal to or below a value justified by 
its use. In addition, it is necessary that the concern in- 
volved either has the funds required to finance the venture 
or can convince others of the soundness of the venture and 
thus obtain funds from them as an investment or a loan. 
In most cases, however, conditions are not quite so simple 
inasmuch as several economic units are involved—some- 
times a manufacturer and a user; again, both of these and 
a dealer or distributor, or both; or there may further be 
contractors, contractor dealers, and several other types of 
economic units having a place in the over-all picture. In 
all these cases it is necessary not only that the over-all 
picture of the product be sound but also the part of 
the work carried on by any of the individual units and the 
operation of each unit as a whole be on a sound economic 
basis. No type of unit can survive unless the other types 
necessary for the complete picture are able to do their 
part; for example, a manufacturer unwilling to give his 
dealers a discount which will enable them to carry on 
their part of the activities with a reasonable profit cannot 
hope to survive. ; 

As previously pointed out, the most important economic 
factors of the entire picture to be considered first are those 
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determining the amount which the user can or will pay 
for a product. In the case of well-established goods for 
which there is a general demand, the price obtainable 
by any supplier is usually fixed by competitive prices, 
with proper allowance for difference in quality, service- 
ability, and similar factors. Such competitive prices as a 
rule drift around a level where the more efficient suppliers 
make a reasonable average profit. If the user is an in- 
dustrial concern, the price must further be such as to make 
the purchase a profitable economic venture for the pur- 
chaser, based on the considerations covered under ‘‘Eco- 
nomics of Using Goods.’’ In the case of individuals or 
homes, additional limitations are imposed by the income 
of the purchaser, which is comparatively low in the 
majority of cases. The price obtainable and the volume 
of sales at such price depends upon the number who are 
willing to pay and the amount they are able to spend for 

conveniences, comforts, and luxuries after paying for 
absolute necessities. 

In view of all these and other factors limiting the price 
obtainable, the supplier’s principal economic problem is 
to bring the cost of all his operations sufficiently below 
such price to allow a fair profit. Whenever several units, 
such as the manufacturer, distributor, dealer, and others, 
are involved in the marketing of a product, the first 
problem is to determine the proper distribution of the 
customer’s dollar among these units. Subsequently each 
unit is confronted with the problem of carrying out its 
part of the functions at a cost sufficiently below the part 
of the customer’s dollar allotted to it to insure a reasonable 
profit, or at least sufficient to give a fair return on the capital 


required for carrying on the particular activity. There 
are always a few exceptions to every rule, and in the case 
of new products of low cost and great usefulness it is 
sometimes possible to secure larger profits. This, as a 
rule, is only a temporary condition, because the very 
possibility of larger profits encourages competitive enter- 
prises and consequent reduction in price. At times patent 
protection makes it possible to maintain larger profits 
for an extended period, but even in these cases attractive 
profits usually stimulate competitive inventive activities 
which eventually lead to the manufacture of similar prod- 
ucts by others, with a resultant reduction in prices. 
Even during the periods when it is possible to secure large 
profits on the individual article, better all-round economic 
results can often be obtained by the manufacturer through 
the lowering of prices, with subsequent greater sales 
volume, lowered cost of production, and increased over- 
all profits. 

An outline of these considerations seems essential as a 
part of the proposed course and is given here in some de- 
tail because no suitable references could be found. The 
growing appreciation of the fact that prices and profit 
margins in most industries are continuously decreasing 
and likely to change into losses, especially during business 
depressions, has developed a tendency toward budgetary 
control of all expense and cost items, such as those shown 
in the graphs and many others. Continually changing 
business conditions naturally make it difficult to budget 
expenses in advance. Furthermore, too rigid a budget 
control carries with it the danger of interference with free- 
dom of action when circumstances arise making departures 
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and changes desirable during a budgetary period. Never- 
theless a gradual evolution toward methods of expense 
control which are sufficiently flexible to take care of chang- 
ing conditions but not so flexible as to make the control 
ineffective seems a step in the right direction. Therefore 
a brief study of this subject of budgets is desirable as a 
part of the course under discussion. (See references 
22k, 28, and chapters 5, 6, and 7 of reference 29.) 


G. General Discussion 


No mention has been made in this outline of the eco- 
nomic problems applying specifically to the central station 
industry and its production and rate-setting activities. 
The outline suggested has been worked up with the idea 
of its being of use to all branches of engineering, such as 
electrical, mechanical, chemical, etc. Each of these in 
turn may involve economic problems more or less specific 
to it, such as the central station situation, which is of 
specific interest to electrical engineers entering the utility 
field. Possibly a number of courses of interest to specific 
types of engineering students should be offered as elec- 
tives in addition to the more general course covered here; 
for example, a course relating to the economics of construc- 
tion work might be desirable for the students of civil 
engineering. 

Scarcely any reference has been made to economic 
laws and factors as, for instance, price fluctuations as 
influenced by the law of supply and demand, which are 
usually covered in existing courses on classical economics. 
It is assumed that the student has previously taken a 
course of this nature. 

While this entire paper emphasizes economic considera- 
tions, care should be taken not to leave with the student 
the impression that all activities and practices in industry 
can be governed entirely by economic aspects. There 
are other factors which must be taken into account and 
several of the references given introduce points of view 
other than the purely economic. However, it is usually 
good practice in any problem or undertaking to analyze 
the economic situation fully and subsequently give con- 
sideration to other factors. | 

A review of the material given in this paper for use in 
a course on industrial economics and business methods 
might give the impression that it cannot be readily covered 
in a weekly 2-hour period extending through 2 semesters. 
However, by properly condensing the material of the 
references this is quite possible. Although the author 
has not given a course exactly as outlined here, he has 
given similar courses and has accumulated experience 
definitely demonstrating the possibility of this. Table 
I gives a tentative outline indicating the time which 
might be devoted to the various subjects. In choosing 
material from the references and from the content of the 
paper, it is more important to select it so as to illustrate 
sufficiently the types of economic problems and proper 
method of attack than it is to give an exhaustive treat- 
ment of any one of them. It also seems advisable to make 
predominant those economic problems which can be handled 


or are influenced by the rank and file of an organization in ~ 
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order to avoid a rather common impression among younger 
engineers that most economic problems are essentially a 
function of the management group. It has been impossible 
for the author to review completely all material published 
which might be used for the course, and the references are 
given principally for the purpose of suggesting the kind 
of material which seems desirable for this purpose; no 
doubt other publications of similar nature can be found 
which at least in some instances may prove to be more 
suitable for class work than that given. (See reference 
22, a to k, for additional material; reference 31 gives a 
broad and most interesting study of American industry.) 

This paper is intended merely as a contribution by one 
who has had practical engineering experience, and outlines 
subjects regarding which the young engineer entering 
industry should have an appreciation and understanding. 
It may be true that much of this material will come to the 
attention of most practicing engineers over a period of 
years, but frequently the younger engineer will be placed 
for extended periods in specialized work with but little 
contact with other divisions of the organization and he 
would be greatly benefited in carrying on his specialized 
tasks if he could bring with him some knowledge of the 
typical economic factors of importance in industry. (See 
reference 30.) It also seems that with an increased in- 
terest in economics the engineering profession could 
through its analytical methods of attack assist in working 
out more nearly correct solutions for the many perplexing 
economic problems in industry. 

There certainly can be no doubt that a course as here 
proposed will be of benefit to a vastly larger number of 
the younger engineers than some of the specialized tech- 
nical courses on such subjects as transmission engineering, 
electric railway engineering, communication engineering, 
etc., which are now taking a part of the student’s available 
time in college. This fact cannot be ignored and steps 
should be taken at least to make such a course available 
as an elective subject and to encourage the students to 
take an early interest in the economic and business side 
of their future work. 
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End-Winding Inductance of a Synchronous Machine 


By B. H. CALDWELL, JR. 


ASSOCIATE AIEE 


Introduction 


to consider the armature inductance of salient-pole 
synchronous machines under several divisions. The 
most useful and generally accepted divisions are as follows: 


[: PREVIOUS PAPERS it has been found necessary 


1. Inductance of armature reaction 
2. Inductance due to space harmonics in the core length or differ- 
ential leakage, which is subdivided into 
a. Belt leakage inductance 
b. Zigzag leakage inductance 
3. Slot leakage inductance 


4. End-winding inductance 


The first 3 divisions have been adequately treated by 
both Alger! and Kilgore,? who have derived formulas 
which apply accurately for most commercial machines. 
Formulas for the end-winding inductance have also been 
given, but all of them involve approximations which 
have not been adequately investigated. 

It will be the purpose of this paper to develop formulas 
for calculating the end-winding self-inductance and 
leakage inductance on as sound a theoretical basis as 
possible and to obtain a direct experimental check of the 
resulting formulas for the single-phase, static case. The 
formulas for the 3-phase case will also be derived, but no 
experimental check will be given at this time. 


Historical Review 


Doherty and Shirley*® were the first to develop formulas 
for the calculation of the armature inductance of salient- 
pole synchronous machines which held for a wide range 
of machines. Later Doherty and Nickle* introduced the 
concept of resolving the armature magnetomotive force 
wave into its rotating space harmonic components; and 
with the aid of Blondel’s® concept of resolving such har- 
monics into components along the direct and quadrature 
axes, they developed formulas for the inductance of arma- 
ture reaction and for the differential leakage inductance. 
They also proposed new and precise definitions for the 
inductances of armature reaction and the armature 
leakage inductance. Following the basic ideas developed 
in this paper Park and Robertson® proposed to standardize 
the definitions of the various types of inductances of 
synchronous machines, including the transient and sub- 
transient inductances, and described methods of measur- 
ing them. At about the same time Wieseman’ applied 
the technique of field plotting to salient-pole machines, 
which allowed an accurate determination of the constants 
necessary to calculate the inductances of armature rfe- 
action. With this basis Alger! developed more accurate 
formulas for armature inductance, and introduced the 
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belt leakage and zigzag leakage inductance terms as used 
by Adams? in his treatment of induction machines. Later 
Kilgore? published a paper wherein he developed formulas 
for calculating armature inductance. He used essen- 
tially the same definitions as Alger, but his results were 
given in a slightly different form, and he gave formulas 
for calculating the transient inductances, and proposed 
the use of a saturation factor. 


Theoretical Development 


The approach which will be employed in the solution 
of this problem follows the same general scheme as that 
used by Doherty and Nickle‘ in calculating the inductance 
of the armature in the core length. That is, the magneto- 
motive force will be resolved into space harmonics, and 
the corresponding flux density wave will be found. The 
linkages will be determined with the aid of the equation 


Fig. 1. 


Development of simplified end winding 


of the flux density wave, from which the inductances will 
be found. The problem in this case differs from the core 
length solution in that the magnetic circuit is composed 
of air, and the magnetic field is 3-dimensional. 

Since writing this paper attention has been called to 
“Potentialfelder der Electrotecnik”’ (a book), F. Ollendorf, 
Julius Springer, Berlin, wherein a similar approach is 
made to this problem, but the solution obtained is not 
so complete in detail or results. : 

As in the method used by Doherty and Nickle,‘ it will 
be assumed initially that the conductors are concentrated 
and have zero cross-sectional area. It will also be assumed 
that the end-winding coils are V-shaped. Then the end- 
winding will have been simplified to the winding shown 
in figure 1. It will also be assumed that the end-winding 
conductors lie in a plane which is the plane of the develer: 
ment of the armature surface. 

The end-winding region is the region enclosed by the 
2 planes AA’ and BB’ as shown in figure 1, which cut the 
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plane of the end-winding coils at right angles. The 


plane AA’ passes through the end of the armature core; 
thus, it is the boundary formed by the iron of the armature 
and field. The plane BB’ passes through the apices of the 
V-shaped end-winding coils. 

In order to investigate the field in this region it is 
necessary to make some assumptions regarding the char- 
acter of those boundaries. 


The iron of the armature 


Fig. 2. Showing substitution of a second V-shaped 
conductor for the armature stacking 


Fig. 3. Development of simplified end winding 
showing the assumed image OA’ of OA, etc. 


core which forms the boundary AA’ will contain eddy 
current paths, and the flux entering it from the end- 
winding region must enter at approximately right angles 
to these eddy current paths; therefore the iron will act 
somewhat as a magnetic shield. In view of this fact the 
component of flux which is normal to the end surface of 
the armature core will be neglected, and the lines of flux 
will be assumed to be parallel to the end of the armature 
core at this boundary. The.same boundary condition 
will be obtained with the configuration shown in figure 2 
where a second V-shaped coil is substituted for the arma- 
ture core. 

The boundary condition at the plane BB’ will be 
approximated by assuming that the end-winding con- 
ductors are produced as shown in figure 3; that is, OA is 
produced as OB’, etc. This assumption is made pri- 
marily to simplify the solution. It will introduce an 
error proportional to the coupling between coils OAB and 
OA'B’ which will be discussed later. 

The field in the end-winding region is symmetrical 
about the plane of the coil, and the problem is more easily 
treated by considering only the field on one side of the 
plane of the end-winding conductors. Because of this 
symmetry it is obvious that one-half of the total magneto- 
motive force is effective for either side of the plane of the 
conductors. 
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In obtaining a solution it is desirable to make the 
following simplifying assumptions and apply corrections 
later. These assumptions are: 


1. That the end winding can be approximated by the V-shaped 
configuration as shown in figure 1. 


2. That the conductors are of zero cross-sectional area. 


38. That the end-winding conductors AO and BO as shown in 
figure 3 are produced as OB’ and OA’ and that these produced 
conductors carry the same current as the actual end-winding con- 
ductors. 


4. That the component of flux normal to the end surface of the 
armature core is zero. 


5. That the end-winding conductors lie in a plane which is the 
development of the cylindrical armature surface. 


6. That the conductors in each phase group are concentrated. 


Select a rectangular system of co-ordinates as shown 
in figures 3 and 4 with O, the apex of the coil, as the origin. 
Let x be measured in the peripheral direction, y in a direc- 
tion parallel to the axis of the shaft, and z in the radial 
direction perpendicular to the plane of the development. 
All distances are measured in centimeters. The positive 
direction from the x co-ordinate is taken as the direction 
of rotation; the y co-ordinate is measured positive toward 
the armature core; and the positive direction of the z 
co-ordinate is taken in such a direction that a right-hand 
system of co-ordinates is formed. The dimensions } and 
d are measured in centimeters as illustrated in figure 3. 

Select the magnetic reference potential as that existing 
along any line segment such as DE and FG of section 
C-C as shown in figure 3, or in other words, the plane 
bounded by OBO’B’. In traversing a flux line efgh as 
shown in figure 4, a magnetomotive force drop of 4rm 
is experienced, where each of the 2 conductors in the coil 
side E carries 7 abamperes of current. Since the field is 
symmetrical about the plane of DEFG, the magneto- 
motive force drop experienced in traversing efg is 2rnt. 


ay 


Fig. 4. Section of the end-winding region taken 
perpendicular to the developed plane of the end- 
winding conductors 


If this magnetomotive force along a typical line formed 
by the intersection of the plane of section C-C and the 
x-y plane is plotted as ordinates against the distance 
along the line as abscissas, a curve as shown in figure 5 is 
obtained. The wave of the magnetomotive force along 
the x axis for several values of y is shown in order to 
demonstrate the variation along the y axis. 

If k = (P/D)(b/d) and y = (P/D) x, where P is the 
number of poles and D isthe diameter, then the equation 
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of the rectangular magnetomotive force wave of figure 5 
may be written as a Fourier series of the form 


Agty . 
a ho sin mky cos my (1) 


where m is the order of the space harmonic, and takes the 
values 2 jg + 1; 7 = 0, 1, 2, 3,....and g is the number 


of phases. The values of A, for single-phase and bal- 
anced 3-phase windings are 
A; = 12n (1B) 


The next step is to determine the flux density wave cor- 


Fig. 5. Diagram showing magnetomotive force 
wave for various values of y 


Pitch 


factor 


Fig. 5A. 
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Fig. 5B. Radial distribution factor 
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responding to each of the components of the magneto- 
motive-force wave such as 


Ag tg 
Im = 


sin mky cos my (2) 


Let B be the flux density in gausses at any point corre- 
sponding to the mth space harmonic of magnetomotive 
force, and let the subscripts x, y, and z indicate the com- 
ponents of B in the x, y, and zg directions. For the region 


Fig. 6. View 
and field taken pe a See eee eee y 


perpendicular 
to the plane of 
end - winding 
coils 


FIELD POLE 


FIELD WINDING 


corresponding to positive values of z in which there is 
assumed to be no magnetic medium and no current carry- 
ing conductors, the equations 


V.B=0 (3) 
and 
VXB=0 (4) 


must be satisfied subject to the boundary conditions 


Bats os | (5) 
ae When z = 0 

By = —- i j (6) 

and 

B-0OQasz— © (7) 


The desired solution for positive values of 2 is readily 
found by usual methods to be 


B, = Bme~™* sin mky cos mee : (8) 


where 


6= Z csca (9) and By = 5 Aqig (10) 
where a is the angle shown in figure 5. 

The linkage y,, in abampere-henries per phase per pole 
for the V-shaped end-winding which has » conductors 
connected in series, is 


d os 
d 
wre ffs Bmax dy X 10~° 
oO ores 


where £,, = B,, when z = 0. Substitute the value of 
8, from equation 8 into equation 11, and integrate to 
obtain 


(11) 


D? t 
Ym = pai a Ag mn 1052 


12 
2mP? a2) 
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where K,,, is the pitch factor and is given by the equation 


= rs sin mpr 
Rami? E mpr | 


The inductance L,, 
linkages is 


(13) 


in henries corresponding to these 


(14) 


where 7, is the current in each of the m conductors of the 
end winding. Substitute the values of W,, and 72, into 
equation 14 to obtain the total inductance per pole per 


phase. The result is 
2 
L= wig ee Sem x 10-4 (15) 
P m 
where 
he—18 (16) 
and m = 1, 3, 5..., for the single-phase case, and 


and m = 1, 5,7..., for the 3-phase case. 

This derivation is based on the 6 assumptions previ- 
ously listed. It is now necessary to develop corrections 
for these assumptions. First, consider the assumption 
that the phases are concentrated. In general the phases 
consist of several groups of conductors, each group of 
which occupies a different slot, and these slots are spaced 
around the periphery of the armature. The space waves 
of magnetomotive force due to these coils are out of phase 
by an angle determined by the angle between slots and 
the order of the space harmonic. Therefore the resultant 
magnetomotive force is less than for the case of concen- 
trated phases, and the reduction factor Kz, is applied 
to correct for this. Its value is given by the equation 


; sé 
sin m — 
2 


(18) 
ssin m — 
2 


where @ is the angle measured in electrical radians between 
slots, and s is the number of slots per pole per phase. Also 
the electromotive forces induced in the armature con- 
ductors by the rotating space waves of flux will be out 
of phase for the same reason, hence the reduction factor 
Kam must be applied again, or the total reduction factor 
ish 

The factor, which applies to correct for the fact that 
the conductors have a dimension other than zero measured 
along the periphery of the armature, is equal to the ordin- 


ARMATURE | STACKING 


FIELD | 


WINDING y 


Fig. 1 Des 
velopment of 
end winding 


i END-WINDING showing the 
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458 


Caldwell—End- Winding Inductance 


ary distribution for a uniformly distributed phase which 
is distributed over the peripheral dimension c of the rotor 


surface. Thus, 
MPC 
sin OD 
Kem = (19) 
cm mPc 
2D 


The derivation of this relation is based on the assumption 
that the current is uniformly distributed over the cross 
section of the conductor. 

It should be noted at this point that the product Ka, 
Km is approximately equal to C,,, the distribution factor 


Fig. 7A. Mutual 8 


inductance factor 


0.6 
San 
04 <2n <a 
Re == 
Sa GS 
1.2 
6(,-2) 


for a uniformly distributed winding, when spacing between 
the end-winding conductors is small as is usually the case. 
This is a good approximation particularly for the space 
fundamental. 

The inductance is further reduced by the fact that the 
coil side has a depth or radial dimension h which is greater 
than zero. The derivation of this reduction factor K,,, 
is based on the result of equation 8 and the assumption 
of uniform current distribution over the coil side cross 
section. With the aid of equation 8 the flux density 
which is established at some point along / by an infinite 
number of current filaments spaced equally along h may 
be computed. Then the average of this flux density over 
the dimension h divided by the flux density resulting 
from a concentrated conductor carrying the same current 
as the distributed conductor gives the desired reduction 
factor. The result is 


2 seg 
om = moh \) — “nok a 
If 
Kn ce KymK am?K em?K im (21) 


then the formula for the end-winding inductance may be 
written as 


fee a Fgn?D sec a Ds Kn 
Ie m 


(22) 
If the approximation K,, K,, = C, is made, then 
GE 
KG = Kom Cm? Knm = Kom a Kim’ (23) 
and the end-winding inductance is 
aFyn*D sec s ‘4 GEIK 
= q = pm 1" Nam (24) 
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Fig. 7B. Mutual 


inductance factor 


This series con- 

verges rapidly, 

and only the first 

term is necessary 

in computing for 

the usual case 

with the possible 

exception of the 

_ single-phase case 

where the third 

” harmonic —ap- 

pears. In order 

tO Tacilitate 

computation, 

curves of the factors K,, and K,, are given in figures 
5A and 5B. 


BoE) Beis 


BEIM 


The assumption regarding the V shape of the end-. 


winding coils is fairly close to the actual case except for 
that portion of the winding near to the armature core. 
However, the length of the conductor which extends 
straight out from the slot is usually small compared with 
the total length, and it seems that little error is introduced 
by this approximation. 

The effect of the remaining assumptions has been 
investigated experimentally, and will be discussed later. 

An important consideration, which has been completely 
ignored by previous writers, is the mutual linkage between 
the field coils and end winding. This is important; 
since, even though this mutual linkage may be a very 
small percentage of the total mutual linkage between 
the field and armature, it may be appreciable compared 
with the end-winding linkage thereby causing the end- 
winding leakage inductance to differ considerably from 
the total self-inductance of the end winding. 

The field winding ordinarily extends an appreciable 
distance beyond the end of the field pole, hence this wind- 
ing links some of the flux set up by the end winding. 
Figures 6 and 7 show a typical design for a salient-pole 
machine. According to assumption 4 none of the end- 
winding flux enters the field pole core, therefore, the only 
flux to be considered is that in the region occupied by the 
field winding which extends into the end-winding region. 

The method to be employed in calculating this mutual 
linkage will be, first, to calculate the average component 
of flux perpendicular to the plane of the end winding over 
the radial depth and within the boundaries of the field 
coil by the use of equation 8. Next, it will be assumed 
that the field winding is uniformly distributed. Then 
the mutual linkage will be found by integration. 

Select the same co-ordinate system as used in the deriva- 
tion of equation 8 and as illustrated in figures 6 and 7. 

Let the dimensions 2), 22, x1, and \ be measured in centi- 
meters as shown in the diagram. Consider the case 
where the pole axis coincides with the phase axis, and the 
resulting mutual linkage will be the maximum value. 
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The average of B, from 2 to 2 as found from equation 
8 is given by 


Ji 
Bz = BmKrmKamKem sin mky cos aoe (25) 
where 
1 — e-mésh [ie 7 8(22— 21) Jp—m bz 
kG iS cereeEaEennEie 26 
es moh mé(z2. — 21) o 
The corresponding linkage is found by integration. Thus 


the linkage W,, of the field coil due to the mth harmonic 
of the flux density wave set up by the field of the end 
winding is 


D?nyBrK gmKamK emK xm OY 


Yn = m2P? (27) 
where 1, is the number of turns per field pole, and 
Je 
sin ied (6 —m) sin we (6 + x1) 
D D 
On et ARIRGLERT aS ae 
Lhe Ne 
ie Je b 
con Ay (bm) ~ 08 |b — (+ *) | 
ee ee 7 
55 d D 
P Je b 
cos (b + x1) — cos caleeeat -4), 
(28) 


yy arts WES 
d D 


The corresponding mutual inductance in henries per 
pole per phase for both ends of the end winding is 


2FynnyD. ) “i CLK 
Tie eee pis Ded ae ES yee) (29) 


ie m? 
This is the maximum value of mutual inductance. In 
general only the first term of the series is required. The 
factors Ky, and K,,, are rather complicated for com- 
puting purposes and they contain too many parameters 
to be given conveniently in the form of curves. How- 
ever, if we neglect the effect of the term containing h in 


Fig. 8. Sketch 
showing diamond- 
shaped coils used 


& 90 DEGREES 


in mutual induc- 
tance measure- 
ment 


the expression for K,, of equation 26, K,, may be con- 
veniently given in curve form as shown on figure 7A. 
Likewise a constant value of b/d = 0.577 (a = 60 degrees) 
is assumed in plotting the curves for K),, as shown in 
figure 7B. 

For a machine with a “sine wave winding’’; that is, 
a machine which eliminates all effect on the terminal 
voltage of space harmonics of flux and magnetomotive 
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Fig. 9. End- 


winding model 


Fig. 10. View of exploring coils 


force, this mutual inductance varies sinusoidally from its 
maximum value to zero as the pole moves through 90 
electrical degrees. Blondel® first introduced the concept 
of expressing the armature inductance of such a machine 
by its values along the direct and quadrature axes, and 
most of the subsequent studies have employed this con- 
cept. It is desirable then to write the end-winding 
inductance along the direct or pole axis as 


n 
Lia = IG caamiit. Mo (30) 


Ls 
where L is given by equation 22, and M) is given by 
equation 29. 


Experimental Techniques 


Several experiments were performed to determine the 
accuracy of the assumptions. In so far as seemed feasible, 
the experiments were so arranged that each assumption 
was checked separately. 

In order to determine the order of magnitude of the 
error introduced by the assumption that the end-winding 
conductors were produced as shown in figure 3, the mutual 
inductance of 2 diamond-shaped coils as shown in figure 8 
was measured. With the 2 coils connected in series, the 
inductance differed by 1.5 per cent from the sum of the 
2 self-inductances. The mutual inductance will of course 
vary with the shape and size of the coils, but its magnitude 
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is negligible compared with the self-inductance, so the 
assumption appears reasonable. 

An experimental check on the accuracy of formula 
22 was obtained by measuring the inductance of models 
as shown in the photograph of figure 9 and comparing the 
result with the calculated value. The coils were connected 
as a single-phase 4-pole winding. The models were 
equipped with 4 coils per pole and each coil had 20 turns 
in series. The coil connections were arranged so that 
measurements could be made with 1, 2, 3, or 4 coils per 
pole. 

This agreement is reasonably good; and since the model 
duplicated the actual end winding except for the effect 
of the iron in the armature stacking, these results indicate 
that the total error introduced by assumptions 1, 3, and 5 
and the errors in the factors, which were developed to 
correct for assumptions 2 and 6, as previously listed is 
approximately + 3 per cent. 

The next experimental check consisted in measuring 
the inductance of the end winding of an actual machine. 
The tests were made on a 15-horsepower 220-volt 1,800- 
rpm 60-cycle 4-pole 3-phase salient-pole synchronous 
motor. The armature winding was reconnected single- 
phase. 

Exploring coils were used to measure the inductance. 
They were placed on the end winding as shown in figurel0 
with a single turn of the exploring coil around each end- 
winding coil of a phase belt per pole. A 60-cycle voltage 
approximately sinusoidal in wave shape, was impressed 
on the armature circuit through an ammeter. The 
exploring coils were connected in series and the terminals 
were brought out to the input of a calibrated amplifier 
and voltmeter. The end-winding inductance was meas- 


Table I—Comparison of Calculated and Measured Values of - 


Inductance of the Models as Shown in Figure 9 


L in Millihenries 


Coils per Pole Calculated Measured Per Cent Error 
Model No, 1 
Bee aay sto epaen 6 eee a eer ater eters acre SiS ong, i aheletleleaaeratere 2.0 
3 SDSS ren on 4 antec De Dees cies che sren batons 1.4 
2 L(G: aoe eye Aide outs LS taviewews eee ee 1.7 
Live herbie Metoteisee OLBSS is carcs os tains © UH 40 eee mre ose 2.2 


Coil pitch = 1.0, single-phase, 4-pole, D = 31 centimeters, b = 12.2 centimeters, 
d = 12.1 centimeters, c = 1.34 centimeters, h = 1.14 centimeters. 


Model No. 2 
Ae oituaracaea cnet DOR ON cerns cree nee BOS. tee ava iter eee 1s 
3 SEZ ES Shae DEAPCKGs Paes Seah ee, Thane Suto 2.9 
2 Sg YS) oe ec ee rae LOZ) oe eeu oe 2.0 
Vitti Pitesda Aba dane O63 5: cette eee O.6808 5h Ge vaee 1.0 
Coil pitch = 0.75, single-phase, 4-pole, D = 44 centimeters, b = 12.95 centi- 


meters, d = 11.35 centimeters, ¢c = 1.34 centimeters, k = 1.14 centimeters. 


ured with the field axis and quadrature axis coinciding 
and with the field axis and the direct axis coinciding. 
Thus measurements were obtained for the conditions of 


maximum and minimum effect of the iron of the field — 


stacking. The variation was found to be +3.75 per cent 
from the average value. 

The same arrangement was used in the measurement 
of the mutual inductance. In this case the field was 
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excited with a known current, while the machine was 
rotated at normal speed, and the voltage induced in the 
exploring coils was measured. Then 


E 
My = — 


ol (32) 


where / is the maximum value of the exploring coil ' 


voltage in volts, J is field current in amperes, and w is the 
angular velocity in electrical radians per second. 

A tabulation of the values of M, and L, as determined 
from test and calculation is shown in table II along with 
the value end-winding leakage as calculated from the 
formula given by Alger.! 


Conclusions 


Let us consider now the effect of the primary assump- 
tions previously tabulated. Accurate corrections have 
been developed for assumptions 2 and 6, and the probable 
error introduced by them is negligible. 

The error introduced by assumption 3, regarding the 
continuation of the end-winding conductors beyond the 
apex of the V-shaped conductors, was determined by the 
measurement of the mutual inductance of 2 diamond- 
shaped coils. The error due to this assumption is approxi- 
mately 1.5 per cent. 

The errors introduced by assumptions 1 and 5 were 
evident in the measurement of the inductance of the 
end-winding model. The error due to assumption 3 was 
also included here, and the comparison of the calculated 
and measured value of inductance indicates an error of 
approximately + 3 per cent. 

The assumption that the component of the flux normal 
to the plane of the end of the armature core is zero is 
equivalent to assuming that none of the flux from the 
end-winding field enters the armature core. Since the 
ultimate aim of this study is to compute the end-winding 
leakage inductance, suppose that we assume instead 
that only the end-winding leakage field is unaffected by 
the iron of the armature stacking, and review the theo- 
retical development on the basis of this assumption instead 
of the assumption that none of the flux from the end- 
winding field enters the armature core. 

Physically the meaning of this assumption is apparent 
from a survey of the 2-dimensional sketch shown in 
figure 11. If there were no iron in the armature core 
the flux line at the boundary of the armature stacking 


Table I]—Winding Data; 18 Slots per Pole, 4 Turns in Series 


per Slot 

Mc— Error— L— Error— Lia— Error— 

Milli- Per Milli- Per Milli- Per 

henries Cent henries Cent henries Cent 
PDESGIVALUICS wictelscusic 8 wis eco 801s S81 Aco eevee OTS OO ree eceteruits ic O60. ns 
Calculated value........... ZO ame Lote OLicaal OLoid 0468405. 1-8 
Calculated value from 

INEZ SOLS ah oooh BIC We ote eee ROCCE CeO 0-40 GOL PEC ALENT ery Cech REGIGR O:460 nie ate 

P = 4, D = 29.0 centimeters, b = 6.93 centimeters, d = 8.13 centimeters, 
h = 1.10 centimeters, p = 0.61, mf = 635 turns per pole, x; = 3.81 centimeters, 
= 3.81 centimeters, z1 = 2.54 centimters, z2 = 5.72 centimeters. 
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would be vertical. Because of the iron the flux lines near 
the boundary are distorted as shown, but as the distance 
from the boundary increases the distortion due to the iron 
decreases, and this distortion of the field is apparently 
small beyond the boundary of the field pole winding; 
that is, the distortion is small in the region of the end- 
winding leakage field. It follows that this assumption 


Fig. 11. Sketch 
of end-wind- 
ing field in a 
plane through 
the shaft axis 
and 


WINDING 
ARMATURE 
STACKING 


Se 0) 


perpen- 

dicular to the FIELD POLE 
plane of the 
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coil FIELD WINDING 


| 
| 
| 
| 
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is less radical than the assumption initially made, and only 
the simpler assumption is involved in the final result. 

It is believed that equation 30 is a step nearer to an 
accurate formula for the end-winding leakage inductance 
than any previously published. An effort has been made 
to indicate the nature and consequence of the assumptions 
involved and the effects of these assumptions have been 
investigated from an experimental viewpoint. An impor- 
tant part of the result is the expression for the flux density 
given by equation 8. This equation should serve as a 
basis for studying the effects of iron in the end-winding 
region. For example, the analysis may be extended to 
calculate the end-winding inductance of turbine genera- 
tors where the rotor extends well into the end-winding 
region and to calculate the end-winding inductance of 
d-c machines where the conductors are supported by an 
iron ring. 


Nomenclature 

a@ += magnetomotive force in gilberts 

a = angle shown in Figure 5 

A = constant as defined by equations 1A and 1B 

B = vector flux density in gausses corresponding the mth space 


harmonic of magnetomotive force as a function of the space 
co-ordinates, and the subscripts x, y, and z indicate the com- 
ponents of B in the x, y, and z directions 


B = value of B when z = 0 

b, d = end-winding dimensions measured in centimeters as shown in 
figure 3 

C = reduction factor for a winding which is uniformly distributed 
over the phase belt 

¢ = peripheral dimension in centimeters of the conductors 

D = diameter of armature winding in centimeters 

gon ie ee 
VG) a 


(Concluded on pages 475-5) 
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An Alternator-Voltage Regulator Utilizing 


a Nonlinear Circuit 


By HARRY W. MAYNE 


voltage regulators are in successful operation at 

present, the purpose of this paper is to describe a 
regulator which is believed to have several outstanding 
advantages over any of the present types. The inherent 
limitations of the various types of moving-contact regu- 
lators are well known, and a perusal of the circuit diagrams! 
of the different types of electronic regulators will indicate 
the complexity of such circuits, even though they are 
superior in most respects to the moving-contact-type 
regulators. 

The regulator to be described here is of the electronic 
type, and is capable of the same degree of accuracy as the 
best of its type. It promises even faster operation than 
existing types and these characteristics are obtainable 
with a circuit utilizing 2 mercury-vapor control tubes 
combined with a small inductance, capacitance, and re- 
sistance. 


A LTHOUGH several different types of alternator- 


Nonlinear Circuits 


The eccentricities of circuits containing capacitance 
and saturable core inductance have long been known to 
engineers. The particular phenomenon which first at- 
tracted attention was the so-called inversion or instability 


Figs 1: Nonlinear series 
ic circuit 
Ro represents total d-c resistance 
£N C=6.83 oh of circuit 
MICROFARAD 
Ro 


of the neutral of a 3-wire star-connected bank of trans- 
formers feeding a highly capacitive transmission line. 
Considerable material? was written on the peculiarities 
obtained, but it was not until 1931 that publications dis- 
cussing simple single-phase circuits appeared.* Only 
the simple series circuit shown in figure 1 will be dis- 
cussed. In figure 2 we have the effective volt-ampere 
characteristics of the circuit for various values of the 
resistance. From these curves we see that as the re- 
sistance is decreased, the slope of the curve increases so 
that it is possible to obtain a very large change in the 
effective value of the current with a negligible change in 
the effective value of the impressed voltage. Of course 
further reduction of the resistance produces a character- 
istic which is double-valued in current over a certain 
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range of voltage, but these properties are of no utility in 
this particular application except as a limiting case. 

Because of the presence of the iron-cored coil, the 
wave form of the current in such a circuit is not sinusoidal, 
and is subject to considerable change as the effective 
value changes. Figure 3 is an enlarged drawing of super- 
imposed oscillograms which 
illustrates the variation for 
the particular circuit used. 
Referring to figure 3, J; 
represents an effective value 
of 0.21 ampere, and the 
voltage required was 110 
volts. When the voltage 
was increased to 111 volts, 
Iz, with an effective value 
of 0.43 ampere was ob- 
tained. The resistance in 
the circuit was 125 ohms, 
and the frequency 60 cycles 
per second. From the 
drawing we see that when 
the lower value of current 
is flowing, the crossing 
points of the current wave 
lag those of the voltage 
wave by approximately 20 
degrees, and the peak cur- 
rent of 0.414 ampere occurs 
at 139 degrees. When the 
impressed voltage is in- 
creased from 110 to 111 
volts effective value, or less 
than 1 per cent, the peak current increases to 0.908 am- 
peres, or more than 100 per cent. In addition the wave 
is shifted so that the crossing points of the current wave 
are in the phase with those of the voltage wave. The 
peak current is also shifted by the same: angle, approxi- 
mately 20 degrees. 


9° 
N 


EFFECTIVE VALUE OF CURRENT —AMPERES 


0 : 
80 90 120 


100 ite) 
EFFECTIVE VALUE OF 
IMPRESSED VOLTAGE 


Fig. 2. Effective volt-ampere 

characteristics for circuit of 

figure 1 at 60 cycles per 
second 


Numbers on curves are values of 
Ro in ohms 


Application 


With these general properties of the circuit in mind, 


the circuit shown in figure 4 was developed and tested. 


The alternator used was a 7.5-kva 60-cycle machine 


synchronously driven from a source having a frequency 


variation of +0.3 cycle in 60. With a 7.5-kva load at — 
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Branch paper; recommended for publication by the AIEE committee on auto- 
matic stations. Manuscript submitted August 11, 1936; released for publica- 
tion October 6, 1936. 

Harry W. Mayne is a former Enrolled Student AIEE, University of Texas, 


-Austin; he is now with the Petty Geophysical Company, San Antonio. 
‘1. ’ For all numbered references see list at end of paper. 


ELECTRICAL ENGINEERING 


Fig. 3. Varia- 
tion of wave 
form of current 
in nonlinear 
circuit with 
” impressed volt- 
a 
w age 
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< 
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4 ampere, E: = 110 
© volts, effective 
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B—le — 0.43 
ampere E, = 
111 volts, effec- 
tive values 
Ro = 125 ohms, 
frequency = 60 
cycles 
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).85 power factor, the alternator regulation was 12 per 
ent and a 25 per cent decrease in field current was neces- 
ary to maintain normal voltage from full load to no load. 
[he d-c end of a small a-c to d-c motor-generator set was 


~ THYRATRON PLATE CURRENT 


Fig. 4. Circuit , Re ALTERNATOR 
diagram of 25 ¥OLTS 

a es) 
counter - elec CURRENT 


tromotive-force 
regulator using ~ 
nonlinear - cir- 
cuit control 


D-C GENERATO 


used as a counter-electromotive-force generator in the 
alternator field circuit, and the drive was floated across 
the line to maintain constant speed. Type FG-57 thyra- 
trons were used as grid-controlled rectifiers supplying 
the counter-electromotive-force field. As these tubes 
are negative control tubes, it is necessary to use a d-c 
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Fig. 5a. 


Operation of regulator of figure 4 when load is applied 
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Fig. 56. Operation of regulator of figure 4 when load is removed 
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Re Re 


Fig. 6. Circuit 
diagram ofnon- 
linear - circuit 


ALTERNATOR 


regulator oper- 
ating on field 
of main exciter 


grid bias in addition to the a-c component. The use of 
the proper type of positive-grid-control tube would dis- 
pense with this grid battery. 

The following preliminary adjustments are necessary to 
put the regulator in operation. The nonlinear circuit 
is adjusted so its characteristic is very steep at normal 
voltage on the alternator. With full load on the machine 
the field excitation is increased until the alternator vol- 
tage is just below the sensitive portion of the nonlinear 
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circuit characteristic. The d-c grid bias on the rectifiers 
is then adjusted so the tubes are barely firing, and the 
field excitation further increased to provide the desired 
reserve capacity above full load. 

After these adjustments have been made, suppose that 
the load is dropped suddenly. The terminal voltage will 
rise, producing a large rise in the nonlinear-circuit current, 
with the attendant phase shift referred to earlier. Since 
the circuit is connected so that the phase relation of the 
grid voltage to the thyratron plate voltage is the same as 
shown in figure 3, both changes produce a large increase 
in the average value of the rectifier plate current. This 
increases the terminal voltage of the counter-electro- 
motive-force machine, with a corresponding decrease in 
alternator field excitation, thus tending to decrease the 
abnormally high alternator voltage. Any decrease, how- 
ever, will react on the control circuit and tend to decrease 
the current again, so that the final equilibrium condition 
for no-load will be at a slightly higher voltage than at 
full load. With the machines used a regulator sensitivity 
of + 0.2 per cent was obtained. The frequency variation 
of the source increased the variation to + 0.3 per cent. 
The operation of the regulator is illustrated by the os- 
cillograms shown in figures 5a and 5b. These show the 
variations when full load is applied and removed respec- 

(Concluded on page 476) 
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Operation of regulator of figure 6 when load is applied 
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Fig. 7b. Operation of regulator of figure 6 when load is removed 
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Oxidation in Insulating Oil 


By J. B. WHITEHEAD 


FELLOW AIEE 


“I. Introduction 


; 
; 


impregnated paper, the impregnating oil is most 


[ is generally agreed that of the component parts of 
susceptible to deterioration. There is, however 


little definite knowledge of the processes leading to insta- 


~ bility. 
_properties. 


Instablility manifests itself in changes in electrical 
An. increase in dielectric loss, if allowed to 
continue, ultimately leads to failure. Marked chemical 
changes often accompany these changes in electric prop- 
erties, but whether or not the changes are caused by 


| electrical stress, as related to the inherent chemical struc- 


ture of the oil, or by residual impurities, as related to 
stress and structure, or by both jointly is as yet unknown. 
Obviously oxidation, with its generation of acids and 
consequent increase in chemical dissociation and electrical 
conductivity is a powerful cause of instability. Although 
careful provision is made for the elimination of oxygen 
in the manufacture of insulation, it is recognized that 
traces of oxygen must remain under all circumstances, and 
the determination of the degree of its activity as a cause of 
insulation instability becomes a matter of great impor- 
tance. 

To the electrical engineer, the electrical stability of an 
oil is measured not in terms of the specific chemical changes 
that are taking place, but in changes in its electrical 
properties, i.e., its conductivity, dielectric loss, power 
factor, or phase difference, dielectric constant and break- 


down strength. Extensive studies of the variations of 


these quantities over the life of impregnated insulation 
have been made, and a highly developed technique is 
available. Characteristic changes in the electrical prop- 
erties, through the life of the insulation, are often trace- 
able to changes in conductivity and ionic content,’ and 
there are other conspicuous evidences of chemical changes. 
But as stated, there is still great uncertainty as to the 
original cause of these changes and of their subsequent 
progress. Many studies have been made of the process 
of oxidation in mineral and in other oils as used for insula- 
tion. It is a highly complex process involving many end 
products, as is natural in view of the complexity of the 
oil molecule itself. However, while much information is 
now available as to the process of oxidation and.its various 
end products, there is little available material correlating 
the oxidation of an oil with its electrical properties. 

In this paper we report a series of studies of accelerated 
oxidation in a highly refined insulating oil as used in oil- 
filled cables, with particular reference to the correlation 
between oxidation and electrical properties. For certain 
of these properties there is a marked correlation. The 
tests have been made at higher temperatures than normal 
for insulation, in order to accelerate the complete program. 
‘There are definite indications, however, that reliable deduc- 
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tions may be made for the behavior of the oil at lower 
temperatures and in the presence of smaller amounts of 
oxygen. 


II. Scope of Studies 


The literature on oil oxidation often indicates erratic 
electrical correlation due to uncertainty as to the degree 
of the oxidation.? In studies of this character empirical 
methods have often been used,’ as for'example oxidation 
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Fig. 1. Schematic diagram of acidity apparatus 


is measured by the number of hours of heating in air or 
oxygen. Obviously more accurate methods are necessary. 

The chemical quantities here measured are as follows: 
(a) the amount of oxygen chemically absorbed, the rate 
of absorption, and the reaction constant k, at the 3 tem- 
peratures 120, 135, and 150 degrees; (b) the activation 
energy as deduced from the results under (a); (c) acid 
number; (d) saponification number; and (e) carbon 
dioxide evolved; all as related to the amount of oxygen 
absorbed. 
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_~ '20 Fig. 2. Typical 
32 titration curve 
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The electrical quantities measured are: (a) power factor 
and a-c conductivity; (0) dielectric constant; (c) short- 
time d-c conductivity; (d) long-time d-c conductivity; 
(e) breakdown strength. Measurements of the electrical 
quantities were made for various values of acid number 
and through these related to the other chemical quantities 
referred to. 

When an oil is oxidized acids are formed which dissoci- 
ate and form new ions. An acidity determination defines 
the state of the oil in this respect without reference to its 
earlier history. We have found an excellent correlation 
between the acidity of an oil, the oxygen absorbed chemi- 
cally, and certain of its electrical properties. 

The saponification number gives an index of the acids 
combined in the oil which are capable of reacting with 
metals to form metallic soaps with consequent increases 
of conductivity and loss. 

It has been shown‘ that of the gaseous products of 
oxidation of an oil, nearly 45 per cent is carbon dioxide. 
In this work measurements of the amount of carbon 
dioxide given off at various stages of oxidation show an 
interesting correlation with both acid number and electrical 
properties. 

So far the studies here described have been made on 
only one oil. This was furnished by a well-known manu- 
facturer and its properties are as follows: 


BB ASC Mee carreras FA astern cl casio te rater ORG ue oie fey tues Mer artes refined light oil 
Specific gravity at 45 degrees centigrade........... 0.877 

Flash point, degrees centigrade................00. 149 

Pour point, degrees centigrade.) .a..4.smu06-s0-- ane —29 

Surface tension at 45 degrees centigrade............ 27 

Viscosity, poises, at 45 degrees centigrade.......... 0.133 
Viscosity, poises, at 40 degrees centigrade.......... 0.160 
Breakdownjvolts sedan eon tire tds niece tins esas 27,500 

III. Experimental Method 


OXYGEN CHEMICALLY ABSORBED 


Twenty cubic centimeters of the oil were placed ina 
50-cubic-centimeter bulb and degasified at less than 1 
millimeter mercury pressure. The oil was then saturated 
with oxygen by shaking for 5 minutes in an atmosphere of 
oxygen at atmospheric pressure. The bulb was then 
connected to a mercury burette filled with oxygen and 
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then placed in a thermostat which maintained a constant 
temperature to within 0.1 degree Centigrade. The oxygen 
above the oil was maintained at atmospheric pressure, 
The bulb was then mechanically connected to a shaking 
machine and shaken at a constant speed of approximately 
300 cycles per minute. Burette readings were then 
recorded as function of the time. This process was re- 
peated for the 3 different temperatures 120, 135, and 150 
degrees Centigrade. The oxygen absorption-versus-time 
curve thus obtained, is a straight line over a long period. 
The slope of this line, expressed in terms of cubic centi- 
meters of oxygen chemically absorbed per 100 grams of oil 
per hour, is the reaction constant, k. This constant 
permits the determination of the activation energy of the 
oil as described below. 


DETERMINATION OF THE ACID NUMBER 


The acid number was determined with the method 
described by Clarke, Wooten, and Kompton.® The appara- 
tus consists essentially of a titration cell and a reservoir 
for the storage of alkali, an electrode system, and a dif- 
ferential vacuum tube voltmeter. A schematic diagram 
is shown in figure 1. A second tube voltmeter was used 
to determine the total voltage of the electrode system at 
any stage of titration. The base electrode is a saturated 
calomel half-cell which made contact with the solution to 
be titrated through an agar agar bridge. The chemicals 
used in the calomel half-cell were specially prepared, and 
its voltage was 0.558 volt. The indicator electrode con- 
sisted of a bright platinum wire dipping into the solution 
to be examined. This solution consisted of approxi- 
mately 8 grams of degasified and dehydrated oil dissolved 
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in 100 cubic centimeters of n-butyl alcohol to which 0.05 
grams of quinhydrone had been added. All titrations 
were carried out in an atmosphere of nitrogen which served 
both to stir the solution and to exclude carbon dioxide 
which would lower the neutralizing value of the alkali. 
The technique of operation is as follows: 

The differential voltmeter was first adjusted to read 
zero by varying a compensating resistor R,. Known 
increments of alkali from the burette were added and 
corresponding deflections observed on a milliammeter. 
After every increment the differential voltmeter was 
compensated to zero milliammeter reading by adjusting 
R:. These known equal increments of alkali were added 
up to, and after a maximum deflection was recorded. 
For accurate determinations the results are plotted as 
shown in figure 2, with deflection per 0.1 cubic centimeter 
as ordinates and total cubic centimeters of alkali added as 
abscissae. The maximum in this curve corresponds to 
the end point, that is the point where the slope of the 
voltage versus titer curve is a maximum. The apparatus 
as used here had a sensitivity for acid number better 
than 0.001. 

Some observers report a double maximum in the curve 
of figure 2. This has been studied by Wooten and Reuhle® 
who show that it may appear when the alcoholic potassium 
hydroxide solution (titer) becomes deteriorated. Clear 
nonturbid solutions were used in this investigation and 
there was no occurrence of a second maximum. For the 
curve of figure 2, 0.715 cubic centimeter of 0.0387 N 
alcohol potassium hydroxide solution was necessary for 
neutralization of an 8.39-gram oil sample. Titration of 
the blank solvent had shown that less than 0.01 cubic 
centimeter of 0.0387 N alcohol potassium hydroxide was 
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Fig. 5. Oil cell for electrical measurements 


necessary for neutralization. 
potassium hydroxide is 56.11. 
computed as follows: 


The molecular weight of 
The acid number is then 


(0.715 — 0) X 0.0387 X 56.11 


8.39 
= 0.185 milligrams potassium hydroxide per gram of oil 


Acid number = 
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Fig. 6. Oxygen 
absorption versus 
time 


SAPONIFICATION 
NUMBER 


When an oil is 
oxidized it may 
react with metals 
with which it is 
iil pecontactayto 
form metallic 
soaps of high 
conductivity 
which areusually 
soluble in the 
oll sitselica 
soap is defined 
as a_ metallic 
salt of a fatty 
acid. The sa- 
ponification number is a measure of the amount of 
acids present capable of forming these soaps. Its deter- 
mination consists essentially in the boiling of a known 
quantity of oil with a known quantity of potassium 
hydroxide. The excess potassium hydroxide not spent in 
neutralizing acids is then titrated with hydrochloric acid 
and serves as an index of the soaping value of the oil. 
The saponification number is expressed in terms of milli- 
grams of potassium hydroxide per gram of oil. Deter- 
minations of saponification number in this work were 
made substantially in accordance with the specifications 
recommended by the American Society for Testing 
Materials.?. Numbers observed were in the range 0 to 
3.0 and duplicate determinations agreed within 0.1. 


CUBIC CENTIMETERS OF OXYGEN PER 100 GRAMS OF OIL 


4 6 8 
TIME — HOURS 


CARBON DIOXIDE GIVEN OFF 


The amount of carbon dioxide formed during the oxida- 
tion process was measured at different stages of the meas- 
urement of oxygen absorption by bringing the gas above 
the oil in contact with a potassium hydroxide solution. 
The difference of burette readings before and after this 
operation gives the amount of carbon dioxide formed. 


ELECTRICAL MEASUREMENTS 


The a-c quantities, power factor, a-c conductivity, 
dielectric constant, were measured on a shielded high 
sensitivity Schering bridge as described by Kouwenhoven 
and Bafios.2 The power factor sensitivity is 0.000006. 
Measurements were made at 60 cycles supplied from a 
generator having a pure sine wave. In all these measure- 
ments 2 determinations with exchange of the positions 
of the standard and the oil cells were made. 

The a-c conductivity was computed from the dielectric 
loss and found to be in close agreement with direct meas- 
urements of the short time or initial conductivity as 
measured with the amplifier oscillograph.®! White- 
head"! has shown that the initial d-c conductivity and the 
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a-c conductivity of an oil are identical when no polar 
element is present. Figures 3 and 4 give the oscillograms 
of the charging currents of the oil in its initial and in its 
most highly oxidized condition respectively. These curves 
and the agreement between measured and computed losses 
indicate the absence of heavy polar aggregates both before 
and after oxidation. 

The long-time d-c conductivity which is approximately 
constant after 20 minutes of application of voltage was 
measured with a high sensitivity d’Arsonval galvanom- 
eter. 

Breakdown measurements were made in accordance 
with ASTM specifications’? using a commercial break- 
down cup. In all cases the oil was degasified and dehy- 
drated before being placed inthe cup. The spread of break- 
down values was well within those called for by ASTM 
specifications. 


Om best CEL 


The test cell for the electrical measurements consisted 
essentially of a circular parallel plate capacitor equipped 
with guard rings as indicated in figure 5. The electrodes 
were of polished brass. The measuring electrode had a 
diameter of 13.0 centimeters surrounded by a guard ring 
2.54 centimeters wide, with an air gap of 0.16 centimeters. 
Glass insulation and screening is indicated in figure 5. 
The capacitance of the cell when empty was 77 micro- 
microfarads and when full approximately 177 micromicro- 
farads. The measurements were made at 60 cycles and 
a stress of 25 volts per mil with electrode separation of 
0.152 centimeter. 

The electrodes were supported one each in 2 similar 
glass containers, one of which was inverted, placed on the 


other with 
Wi ground surfaces 
of contact as 
indicated. The 
0.9 lower container 
supported __ the 
0.8 high voltage 
electrode with 
a cylindrical 
0.7 screw guard 
rigidly attached. 
0.6 The top mem- 
a ber was coated 
2 a6 with tin foil 
S and maintained 
at guard poten- 
0.4 tial to prevent 
leakage currents 
03 entering the 
measuring cir- 
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Fig. 8. Acid 
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cuit. The test cell held approximately 1,000 cubic centi- 


meters of oil and was so connected as to permit vacuum 
intake during measurements. The whole cell was enclosed 
in a thermally insulated box with temperature controlled 
by thermostat to within 0.2 degrees centigrade and with 
provision for constant air circulation within the box. 

The oils used in the electrical measurements were oxi- 
dized by heating in air at 125 degrees centigrade to vari- 
ous selected values of acidity. Before admission to the 
test cell each oil sample was given standard evacuation 
treatment for the purpose of degasifying and dehydrat- 
ing. This was accomplished by heating the oil to 80 
degrees centigrade and admitting slowly into a vacuum 
of less than 1 millimeter mercury pressure. Thus any 
water formed during the oxidation process was eliminated 
before the electrical measurements. The oil was then 
drawn into the measuring cell without contact with air. 
Dry nitrogen was then admitted over the oil and main- 
tained at a small positive pressure. 


IV. Experimental Results 


The principal experimental results are shown in figures 
3 and 4, and figures 6 to 23. 


CHEMICAL PROPERTIES 


Figure 6 shows the relation between oxygen chemically 
absorbed and time at each of the 3 temperatures 120, 135, 
and 150 degrees Centigrade. The ordinates are cubic 
centimeters of oxygen per 100 grams of oil, and the abscis- 
sae, the time in hours. The slope of each of these straight 
lines is the reaction constant k and is expressed arbi- 
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| 
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IL 


trarily in terms of cubic centimeters of oxygen per 100 
grams of oil per hour. It will be noted that there is a 
strictly linear relationship with definite value of k at each 
temperature. Beginning at zero on the time scale, there 
is thus no induction period or lagging time of the oxygen 
reaction. Such lag is often noted at lower temperatures. 


Thus in the present case lags of 12, 27, and 49 hours were 
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noted at the temperatures 100, 90, and 80 degrees, respec- 
tively. 

It is necessary for a molecule to be activated before 
chemical reaction can begin. For this a minimum quan- 
tity of energy is necessary. In the present case this 
energy, in the form of heat, was found to be constant over 
the range studied. Thus a determination of the amount 
of this heat appears to be a good criterion as to the sus- 
ceptibility of the oil to the oxygen reaction. The activa- 
tion energy Q may be determined from the data of figure 6 
by the use of the Arrhenius equation: 


d log k af a; 
Cie RT? 


in which JT is the absolute temperature, Q the activation 
energy in calories per mol, R the gas constant, and k, the 
reaction constant. On integration of the equation we 
have: 


Q 1 


logio k La G 4.58 T 


whence Q may be determined graphically by plotting 
logis Rk as function of 1/7, as shown in figure 7. While 
only 3 points are available for this curve, corresponding 
to the 3 temperatures studied, it is seen that they lie 
accurately on a straight line indicating a constant value 
of 20,700 calories per mol for Q within this range, with no 
svidence of a change in slope such as might be caused by 
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molecular disruption or cracking as sometimes proposed. * 
There is clear suggestion here that the activation energy 
of this oil is constant, at least up to the temperature of 
150 degrees. 

Figure 8 shows a linear relationship between acid 
number and time in hours of heating at 150 degrees centi- 
grade, and figure 9 shows a linear relation between the 
carbon dioxide given off and time of oxidizing at 150 
degrees centigrade. In figure 10 the observations of acid 
number, carbon dioxide, and saponification number are 
shown together as related to the amount of oxygen ab- 
sorbed per 100 grams of oil. In obtaining these data 3 
samples were drawn for acidity determinations at 8, 30 
and 41.8 hours respectively of the continuous oxidation 
run. The saponification data were taken on a separate 
run with simultaneous observation of acid number. 

In figure 11 the ratio of saponification number to acid 
number is plotted as function of acid number. It is seen 
that in the initial stages of oxidation, there are relatively 
few free acid ions as compared with the acids combined in 
the oil. On further oxidation the ratio of these 2 concen- 
trations approaches a constant value. 


ELECTRICAL PROPERTIES 


The correlation between chemical and electrical prop- 
erties is shown in table I, from which the following curves 
have been plotted. 

Figure 12 indicates a definitely linear relationship 
between power factor as measured at 40 degrees Centi- 
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Fig. 12. Power 
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grade and the acid number. Figure 13 shows a similar 
relation between power factor and saponification number. 
Figures 14 and 15 show the variation of dielectric con- 
stant with acid number and saponification number, respec- 
tively. As seen, these curves are slightly concave upward 
and indicate an over-all increase of nearly 5 per cent in 
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dielectric constant over the range 0.0 to 0.6 for acid 
number. 

Figures 16 and 17 show the relationship between break- 
down voltage and acid number and saponification number, 
respectively. It is interesting to note that on initial 
oxidation, the breakdown strength of the oil increased 
approximately 5 per cent, and upon further oxidation only 
a moderate decrease toward the initial value is indicated 
over a considerable range of oxidation. 

Figures 18 and 19 show the variation of final or long- 
time d-c conductivity with acid number and saponifi- 
cation number, respectively. Final conductivity is seen 
to vary from 0.2 X 107!§ to 154 X 10715 mhos per centi- 
meter over the range studied, an increase of some 750 
times. 

Figure 18 also shows a curve of computed final conduc- 
tivity due to free acids. For the purpose of computation, 
the oil is assumed to have one representative acid having 
a molecular weight of 150 (Herzfeld!*) and 2 replaceable 
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hydrogen atoms per molecule. The neutralizing proce: 
with potassium hydroxide provides a relation betwee 
acid number and concentration of acids in grams per lit 
of oil. Then using the dissociation constant given k 
Gemant'® and the method of the latter, taking due accou 
of viscosity, the value of the final conductivity may ft 
computed. As shown in figure 18 the value so found 
of the order of 1/1. of the measured conductivity whic 
would seem to suggest some other cause of conductivi' 
than the presence of acid ions. While the figure of li 
for the molecular weight proposed by Herzfeld is qui 
high the conductivity varies only inversely as the squa 
root of the molecular weight and a substantial reductic 
in the figure used would still leave a large part of tl 
conductivity unaccounted for. 

Figures 20 and 21 show the ratio of the a-c or initi 
conductivity to the final conductivity as function of ac 
number and saponification number, respectively. The: 
curves are especially interesting as showing the influen 
of the oxidation products on the conductivity. For tt 
oil in its initial state, with the acid and saponificatic 
numbers practically zero, the ratio of a-c to final condu 


Table I—Electrical Results 


Aac— u— N— Ratio Dielectric Loss— Breakdown 
A-C Mhos per Mhos per Mhos per Nac Watts per Voltage 
Acid Saponification Power Dielectric Centimeter Centimeter Centimeter = Centimeter at Room 
Number* Number* Factor Constant x 10-14 x 10-14 xX 10-14 »y Kaas Temperaturé 
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Dielectric loss computed at 1,500 volts. 
* Expressed in milligrams of potassium hydroxide per gram of oil. 
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tivity is approximately 247. This ratio decreases rapidly 
with oxidation and seems to approach a final value. At 
an acid number of 0.605, the ratio is 7.05. This is in 
accord with the observations of Whitehead and coworkers!® 
that increasing final conductivity is accompanied by a 
reduction in the value of this ratio. 

In figures 22 and 23 the dielectric loss, as computed 
from the bridge measurement is plotted as function of 
acid number and saponification number, respectively. 
The losses were measured at 40 degrees centigrade, 60 
eycles and a stress of 25 volts per mil. Values of a-c 
conductivity computed from the dielectric loss measure- 
ments and the initial or short time conductivity, as 
measured by the amplifier oscillograph were in close agree- 
ment, as shown in table I. The dielectric loss at constant 
stress varies in linear relation with the acid number 
following the corresponding variation of the power factor. 
The variation of dielectric constant with acid number, 
shown in figure 14 is too small in over-all value to cause 
an appreciable variation of the dielectric loss from that of 
its linear relation with acid number. 


V. Discussion 


THE OXIDATION PROCESS 


The linear relation between oxygen chemically absorbed 
and time, shown in figure 6 indicates that the products of 
oxidation in the range studied do not act as catalysts for 
further oxidation. Dornte!? and Egerton’*® report a 
“self-acceleration”’ for certain oils, i.e., the products of 
initial reaction augment further reaction. There is no 
evidence of such action here. 

At low oxidation temperatures there is an initial period 
at which there is negligible and unstable absorption of 
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oxygen by the oil. The oil will absorb and then give off 
oxygen of varying quantities. The duration of this con- 
dition is called the “induction period” and its length 
decreases rapidly with temperature elevation. There is 
difference of opinion as to the cause of the induction 
period. Some hold that it is a property of oxidizability 
of the molecules, others that it is due to impurities in the 
oil which may act positively or negatively in retarding 
oxidation. The so-called antioxidants serve to prolong 
the induction period, whereas a catalyst such as copper 
shortens it. However, once the reaction begins, the 
oxygen absorption versus time curves appear to obey the 
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same law, as shown here, and also by Egerton?® in studies 
of the same oil (a) alone, (d) in the presence of copper, and 
(c) when containing an antioxidant. Similar conclusions 
are to be had from the work of Dornte.!”9 

The linear relations shown in figure 10 indicate that at 
150 degrees for the oil studied there is no induction period 
in the uniform rise of the values of acid number and 
saponification number with oxygen absorbed. There is, 
however, a lag or induction period for carbon dioxide 
evolved of about 6!/, hours. | Uniform rises of both acid 
number and saponification number within this period 
indicate that the processes leading to the appearance of 
carbon dioxide also begin uniformly, so continue through 
the induction period, and on into the actual evolution of 
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carbon dioxide. In other words, the process is continuous 
although it may not be immediately evident. 

The activation energy is constant over the range 120 to 
150 degrees. A part of this energy is obviously ex- 
pended in the hidden processes of the induction period of 
carbon dioxide. The 6!/2 hours of this period measured 
at 150 degrees is presumably longer at 120 degrees, yet 
the activation energy is constant over this range. Thus 
it seems reasonable to conclude that the straight line 
relation of figure 7 (constant Q) may be extended to lower 
temperatures and that the activation energy is constant in 
the lower temperature range and at the value determined 
in the upper temperature range. The activation energy so 
determined thus appears as a definite measure of the rate 
of chemical absorption of oxygen or of oxidizability. A 
sharp change in the slope of the curve of figure 7 would 
indicate a critical temperature, marking a change in oxida- 
tion process. The existence of such a critical temperature 
at about 120 degrees is proposed by Gemant} and others. 
Karapetoff™” finds no evidence of such critical tempera- 
tures in the work from American laboratories. Dornte’® 
in experiments up to 185 degrees Centigrade finds no 
evidence of a “cracking temperature.’”’ Oxidation in 
insulating oils has long been recognized as a chain process. 
Dornte '”!® studying 2 groups of oils found different laws 
for the 2 groups, but noted that the amounts of each prod- 
uct of oxidation formed over a period of time obeyed the 
same law as that which applied to the oxygen absorption 
indicating oxidation as a chain or step-by-step process. 

Unfortunately a determination of the value of Q requires 
much time and is subject to considerable error. The 
values of k, from which those of Q are obtained, may vary 
in different samples as much as 10 per cent. Thus the 


471 


final value of Q found in the present instance is 20,700 
calories per mol, with a possible error of about 1,000 
calories per mol. The value itself is apparently somewhat 
low, values as high as 45,000 for oils having been reported 
by other workers. 

Using the value of Q as given above and its relation with 
k simple computation shows that at 45 degrees Centigrade, 
the value of k would be 0.0028 and that for saturation 
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with oxygen this oil would require an induction period 
of 4 */, days. Thirty days after expiration of the induc- 
tion period, the oil would have absorbed chemically 0.141 
cubic centimeters of oxygen per gram of oil. This would 
cause a change in acid number of 0.0402 or a change in 
power factor of 0.00086. From these figures, it will be 
evident that for studies of this character an accelerated 
program at higher temperatures is imperative. 

As regards the saponification number and the curve of 
figure 11 it is apparent that in the initial stages of oxidation 
there are proportionally more acids combined in the oil 
capable of forming metallic soaps than there are free acids. 
This curve as well as the quiescent period for carbon 
dioxide suggests that the initial oxidation of the oil up to 
acid number of about 0.2, while increasing acid content 
uniformly, also has a transient element serving to convert 
the oil from one oxidation state to another. 


ELECTRICAL PROPERTIES 


Of outstanding interest is the linear relation between 
acid number and power factor or dielectric loss. The 
initial or a-c conductivity of an oil is very much larger 
than the d-c conductivity measured after a long period 
of application of voltage. There is some evidence”! that 
the ions involved in the 2 cases have different origins and 
perhaps different character. The difference between the 
2 types is found only in purer and more highly refined 
liquids. With increasing impurities or deterioration such 
as oxidation in an oil, the difference between the 2 conduc- 
tivities disappears and the ratio of initial to final conduc- 
tivity approaches unity and the number of ions involved 
in the initial conductivity is submerged ultimately in those 
due to the oxidation or other cause. The transfer from 
the initial pure to a more deteriorated condition is clearly 
shown in figure 20. It is of interest to note, however, that 
the range of acid number for which the ions of the initial 
conductivity play an important part is relatively low. 
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Their contribution to conductivity and power factor, is 
appreciable in the region of zero acid number, and causes 
the initial power factor of the oil. However they soon 
become relatively unimportant with increasing oxidation, 
nor do they at any point partake of an acid character, 
Various causes have been suggested for the origin of the 
ions causing the initial conductivity; as for example, 
ionic impurities of nonacid character, the liberation of 


electrons from the electrodes, internal liquid ionization by | 


radio active or cosmic influence. The rate of generation 
of ions by the latter causes is quite low but over a period 
of time they accumulate in numbers up to an equilibrium 
condition, as related to the rates of recombination and 
diffusion to the walls of the container. They may be 
swept out temporarily by high continuous voltage, but on 
open circuit increase again slowly to their original number.”! 
From the results of the present work, it is apparent that 
in the case of a highly refined oil, study of the correlation 
between the change in electrical properties and oxidation 


should take due account of the ions already present as 


shown in the short time conductivity, and of those due to 
oxidation, especially in the early stages. 
of oxidation, however, the initial conductivity plays no 
appreciable part. 


For later stages _ 


The increase of dielectric constant with acid number as — 


shown in figure 14 is apparently due to the presence of 
polar molecules, the polar property being well known for 
the oxidation products of hydrocarbons. The presence 
of polar aggregates much larger than molecules has been 
noted by Whitehead, but these larger aggregates are 
apparently absent in the present case for they are not 
evident in the short time d-c conductivity oscillograms, 
nor is there any measurable increase in the dielectric loss 
due to this cause. The variation in density over the most 
extended range of oxidation was less than 0.5 per cent 
indicating that the increase in dielectric constant is not 
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due in any appreciable measure to increase of atomic 
polarization. 

In the matter of breakdown the transitory period in the 
oxidation process, involving as it does the molecular 
structure of the oil, seems to play a part. The breakdown 
strength increases, due perhaps to the oxidation or clean- 
up of residual impurities or the break-up of large unstable 
molecules with loosely connected valence bonds into 
smaller and more stable molecules. The subsequent de- 
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‘rease is apparently due to increased conductivity (Niku- 
adse”?). 

. Considering then oxidation in its influence on the insu- 
ating properties of oils, we note 2 notoriously dangerous 
jesults, namely, increasing power factor and the evolution 
f gas. Increasing power factor means increasing dielec- 
tic loss and reduction of carrying capacity, and if the 
fcrease continues unabated, it leads definitely in the 
lirection of failure. The evolution of gas means gaseous 
onization with its well-known rapid destructive influence 
om fibrous impregnated insulation. 

. In the oil here studied we have shown a definite linear 
velation between the oxygen absorbed and the increase 
n power factor on the one hand, and thé amount of gas 
2volved on the other. Consequently, for oil of this type 
t is clear that measurements of power factor and gas 
2volution, as related to oxygen absorbed, should consti- 
cute a reliable basis for the comparison of the oxidation 
stability of different oils. Moreover both measurements 
are important. Ata recent meeting of the committee on 
2lectrical insulation, division of engineering and industrial 
research, National Research Council, R. W. Dornte 
divides oils into 3 classes as regards the rate with which 
they absorb oxygen in chemical combination. The oil 
studied in this paper falls in class (2), showing a rate of 
absorption directly proportional to the time. Several 
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ther papers presented at the same meeting indicated, 
lowever, that the oxidation products of various types of 
il are proportional to the amount of oxygen and not to 
he reaction constant k which is a measure of the rate of 
xygen absorption. Consequently it appears probable 
hat the above correlations found in the single oil here 
tudied will also be found in other oils. 
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VI. Conclusions 

1. Accelerated oxidation studies have been made on a typical 
high-grade insulating oil. Linear relations are found over a wide 
range between the amount of oxygen chemically absorbed and 
time, acid number, saponification number, and carbon dioxide 
evolved. 


2. Two periods of oxidation are indicated for the oil studied: 
(a) an initial transient period in which intermediate products are 
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formed, (0) a subsequent period in which further oxidation does not 
materially add to the intermediate products, but increases the 
amount of the end products. 


8. Similar linear relations have been found between the oxygen 
absorbed and power factor, dielectric loss, and long time d-c con- 
ductivities as measured at 40 degrees centigrade. The ratio of 
initial or a-c conductivity to final conductivity rapidly decreases 
with increasing oxidation in its early stages, thereafter much more 
slowly, indicating different natures for the a-c conductivities of 
refined and oxidized oils. 


4. A relatively small, but apparently characteristic change in 
dielectric constant with increasing oxidation is due to the polar 
properties of the oxidation products. 


5. With increasing oxidation the breakdown strength at first 
increases by about 5 per cent, passes through a maximum at about 
0.2 acid number, and decreases again. These changes occur in the 
transient range of the oxidation processes. 


6. The linear relation between oxygen absorbed and time leads 
to definite values of the reaction constant k, and to a constant value 
of the activation energy Q. Evidence is presented that the values 
of these quantities, obtained at higher temperatures, are reliable 
as good indices of the electrical behavior of the oil as related to 
oxygen absorption, at lower temperatures. 


7. Evidence is presented indicating that the linear correlations 
found between oxygen absorption, gas evolved, and power factor 
increase in accelerated oxidation studies provide a reliable basis for 
estimating the relative oxidation stabilities of insulating oils. 
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Voltage Drop and Load Balance in Open-Y Circuit 
(Continued from page 437) 


feet will be about 1.2 volts and for the lagging phase about 
3.2 volts. For a 500,000-circular-mil conductor, assuming 
the same conditions as for number 8, the voltage drop 
for the leading phase will be about 2 volts, and for the 
lagging phase about 1.25 volts. 

As indicated by these curves the dashed lines are ob- 
tained by the difference in the voltage drop between the 
leading and lagging phases. At the point where each 
dashed line crosses the abscissa the difference in voltage 
drop between the leading and lagging phases is zero, 
hence the voltage drop is the same on both phases for the 
indicated amount of unbalancing and the indicated power 
factor. As shown by the curves for a number 8 con- 
ductor and a power factor of 0.9, the leading phase should 
carry about 60 per cent and the lagging phase about 40 
per cent of the load. For a 500,000-circular-mil con- 
ductor and a power factor of 0.9, conditions are reversed 
and the dashed line crosses the abscissa at the point where 
the leading phase should carry about 40 per cent and the 
lagging phase about 60 per cent of the load. 

Figure 44 condenses information about the proper 
load division between phases at various power factors in 
order to obtain balanced voltage conditions at the load. 

These curves are very useful in determining the correct 
load balance between the leading and lagging phases in a 
building where the old d-c wiring is to be used. In such 
a case, the total load to be carried, the power factor, and 
the size of the conductors are fixed and the only variable 
will be the load balance between the 2 phases. The 
correct load balance can be determined specifically from 
the curves of figure 44. 

It will be noted that these curves have been derived for 
conditions where the power factors are the same on both 
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phases. An infinite number of other conditions may 
arise in which the power factors will be different on the 
2 phases. If a sufficiently large number of cases occur 
where certain definite power factors exist, curves of 
voltage drops for these conditions can, of course, be 
drawn. 


Power System Faults to Ground 
(Continued from page 433) 


voltage per foot of arc length is practically independent — 
of current magnitude and ranges between about 200 and 
400 root-mean-square volts per foot of arc. The results | 
offer a method of estimating, during the first few cycles 
of an arc, that portion of the fault resistance in the are, 
For longer durations of fault, such estimates are likely to © 
be inaccurate unless some idea of the length of extension 
of the arc can be secured. 

(d) For steel tower lines carrying ground wires, tower | 
footing resistance will have little effect on fault current 
magnitude if /, the length in miles of the section of line 
involved, is greater than | 


5 V average tower footing resistance 
number of towers per mile 


In the case of steel tower lines with high-conductivity 
ground wires, it seems apparent that arc resistance and 
tower footing resistance alone will not account for ap- 
parent fault resistances of the magnitudes given earlier, 
indicating that factors other than these are involved. 
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End-Winding Inductance of a Synchronous Machine 
(Continued from page 461) 


F = constant as defined by equations 16 and 17 

h = radial dimension in centimeters of the conductors 

Ky = reduction factor due to variable pitch 

K reduction factor due to distribution of conductors over a 
phase belt 

reduction factor due to the peripheral distribution of the 
conductors 


& 
ll 


a 
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bP 

dD 

. = end-winding self-inductance in henries 

Lia = end-winding leakage inductance in henries with the field pole 

| and phase axes coinciding 

i =Vb? + a? 

M, = maximum mutual inductance in henries between field and 
end winding 


m = order of space harmonic 

% = number of series connected conductors per pole per phase 

mf = number of turns of the field per pole 

P = number of poles 

K, = reduction factor due to the radial distribution of the conductor 


b = coil pitch 

g = number of phases 

y = linkage in abampere-henries per pole per phase due to the 

self-inductance of the end winding 

W = end-winding linkage in abampere-henries per pole per phase 

| due to the mutual of the field 

x,y, 2 = rectangular co-ordinates measured in centimeters as shown 
in figures 3 and 4 

21, 22, X1, \ = field coil dimensions in centimeters as shown in figures 


6 and 7 
@ = slot pitch in electrical radians 
References 


1. THE CALCULATION OF THE ARMATURE REACTANCE OF SYNCHRONOUS Ma- 
CHINES, P. L. Alger. AIEE TRANSACTIONS, volume 47, 1928, page 493. 


2. CALCULATION OF SYNCHRONOUS MAcHINE ConsTANTS, L. A. Kilgore. 


AIEE Transactions, volume 50, 1931, page 1201. 


3. REACTANCE OF SYNCHRONOUS MACHINES AND ITS APPLICATIONS, R. E. 
Doherty and O. E. Shirley. AIEE Transactions, volume 45, 1926, page 912. 


4. SyNcHRONOUS MACHINES—PaART I, AN EXTENSION OF BLONDEL’S Two- 
REACTION THEORY, R. E. Doherty and C. A. Nickle. AIEE TRANSACTIONS, 
volume 45, 1926, page 912. 


5. SyNncHRONOUS MoToRS AND CONVERTERS, A. Blondel. 
Cc. D. Mailloux, 1913, part 3. 


6. THe REACTANCES OF SYNCHRONOUS MACHINES, R. H. Park and B. L. 
Robertson. AIEE TRANSACTIONS, volume 47, 1928, page 514. 


A translation by 


7. GRAPHICAL DETERMINATION OF MAGNETIC FIELDS: PRACTICAL APPLICA- 
TIONS TO SALIENT-POLE SYNCHRONOUS MACHINE DgsIGNn, R. W. Wieseman. 
AIEE TRANSACTIONS, volume 46, 1928, page 141. 


8. THe LEAKAGE REACTANCE OF INDUCTION Morors, C. A. Adams. Inter- 


national Electric Congress, St. Louis, Transactions, 1904, pages 706-24. 


A Suggested Course on Industrial Economics 
(Continued from page 454) 


11. SuppLremMEenTS A AND B TO 1933 ASTM MANUAL ON PRESENTATION OF 
Data. 


12. MECHANICAL DESIGN OF ELECTRIC MOTORS AS REGARDS STANDARDIZA- 
TION INTERCHANGEABILITY, J. L. Brown. ASME TRANSACTIONS, volume 53, 
1931, MSP-53-7-57. 


13. Business oF DESIGNING ELECTRICAL MACHINERY, 
Electric Journal, volume 25, 1928, page 267. 


F. D. Newbury. 


14. MARKETING INDUSTRIAL EQUIPMENT (a book), Bernard Lester. McGraw- 


Hill Book Company, New York, 1935. 


15. FUNDAMENTALS OF INDUSTRIAL MARKETING (a book), R. F. Elder. 
Graw-Hill Book Company, New York, 1935. 


16. INDUSTRIAL MARKETING (a book), J. H. Frederick. Prentice-Hall, Inc., 
New York, 1934. 


17. CO-ORDINATION OF ENGINEERING DESIGN AND FactoRY EQUIPMENT, 
A. F. Murray. Mill and Factory, volume 15, July 1934, page 47. 


18. INDUSTRIAL STANDARDIZATION—ITS PRINCIPLES AND APPLICATION (a 
book), John Gaillard. H. W. Wilson Company, New York, 1934. 


19. AMERICAN STANDARD PREFERRED NumpERS. ASA Bulletin Z-17-1-1936, 


20. FUNDAMENTALS OF STANDARDIZING SIZES AND RATINGS AS RELATED TO 
PREFERRED NumMBERS, R. E. Hellmund. Product Engineering, volume 3, 
September and October 1932. 


21. STANDARDIZING SIzES AND RatTincs, R. E. Hellmund. Evrcrricat 
ENGINEERING, volume 51, page 14, January 1932, 


Mc- 


APRIL 1937 


22. Business ADMINISTRATION SERIES, (11 books) James O. McKinsey, editor. 
Ronald Press Company, New York, 1927, 


(a) Organization—J. O. McKinsey 

(b) Accounting—Wm. F. Lindblom 

(c) Statistics—Frederick Nymeyer and Wm. §. Clithero 

(d) Standards—Glenn M. Hobbs 

(e) Sales—H. H. Mosher 

(f) Production—W. N. Mitchell 

(g) Finance—Charles L. Jamison 

(h) Personnel—George R. Hulverson 

(i) Purchasing—W. N. Mitchell 

(j) Traffic—L. C. Sorrell 

(k) Budgeting—J. O. McKinsey 

23. INDUSTRIAL PURCHASING, Howard T. Lewis. Official publication of the 
National Association of Purchasing Agents; Prentice-Hall, Inc., New York 


1933. 
24. DECENTRALIZATION AIDS MANUFACTURING OF DIVERSIFIED PRODUCTS, 
A. F. Murray. Mill and Factory, September 1933. 


25. PERSONNEL ADMINISTRATION—ITS PRINCIPLES AND PRAcTICcE (a book), 
Tead and Metcalf. McGraw-Hill Book Company, New York, 1933. 


26. APPLIED PERSONNEL ADMINISTRATION (a book), John E. Walters. John 


Wiley & Sons, New York, 1931. 


27. Economic CONTROL OF ENGINEERING AND MANUFACTURING (a book), 
Frank L. Eidmann. McGraw-Hill Book Co., New York, 1931. 


28. Tue FLexis_Le BupGet (a book), John H. Williams. McGraw-Hill Book 
Company, New York, 1934. 


29. Tue SuccessruL CONTROL OF Prorits (a book), Walter Rautenstrauch. 
B. C. Forbes Publishing Company, New York, 1930. 


30. Ture Younc ENGINEER UNDER CHANGING ConpiTiIons, R. E. Hellmund. 
ELECTRICAL ENGINEERING, volume 55, page 329, April 1936. 


31. Brookings Institution Reports, 1932-35. 
(a) AMBRICA’S CAPACITY TO PRODUCE 

(6) America’s Capacity TO CONSUME 

(c) THe FORMATION OF CAPITAL 

(d) INCOME AND ECONOMIC PROGRESS 


A New Magnetic Flux Meter 
(Continued from page 445) 


by means of calibration curves. Another slight disadvan- 
tage is that for all readings the current supplied to the 
bridge must be maintained constant. 

The question naturally arises as to whether the bridge 
can be used for alternating or rapidly varying magnetic 
fields. Tests made during this research prove that readings 
are obtained as readily in alternating fields as in stationary 
fields, but no calibrations have been attempted as yet 
because of lack of apparatus and time. The reports of 
previous research '11!2 appear to indicate a lag in the 
change of resistance of the bismuth, though it may not 
be serious enough appreciably to effect the accuracy of 
the bridge at low frequencies, perhaps even up to 60 
cycles. Further research in the use of the bridge for the 
alternating flux field appears to be highly desirable. 
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Voltage Regulator Utilizing Nonlinear Circuit 
(Continued from page 464) 


tively. Inspection indicates that operation is completed 
in 15 to 20 cycles after the disturbance, and that this 
delay is largely due to the time constants of the machines 
used rather than the control circuit, which effects the 
maximum possible change in the rectifier plate current in 
less than 5 cycles after the disturbance. By its nature, 
the arrangement is well damped, and no auxiliary circuit 
was necessary to prevent or reduce hunting. 

The regulator arrangement just described would be 
quite flexible in application since the counter-electromo- 
tive-force machine could be designed to control a genera- 
tor of any size without increasing the tube rating re- 
quired. In some cases, however, the complication of an 
extra machine might be undesirable, and therefore the 
modification shown in figure 6 was developed. The 
excitation of the alternator is supplied by a standard 
shunt machine. The shunt field is also connected in the 
plate circuit of the rectifiers so that the rectifier plate 
current opposes the exciter field current produced by the 
exciter terminal voltage. Hence an increase in alternator 
terminal voltage will produce an increase in rectifier plate 
current just as before, and this will decrease the total 
field excitation of the exciter with a corresponding de- 
crease in the exciter terminal voltage thus bringing the 
alternator voltage back to normal. There will also be 
the second order effect of the decreased exciter terminal 
voltage on the exciter field excitation produced by the 
ordinary action of a shunt machine, and this will be in 
the proper direction for assisting regulator action. The 
circuit of figure 6 was even more effective than that of 
figure 4 utilizing the same machines as before. When 
properly adjusted, there was no readable change in volt- 
age from full load to no load. The oscillograms shown 
in figures 7a and 7d illustrate the speed of operation of 
the regulator which is again largely a function of the 
machine time constants. 

This method could be applied to large machines by 
increasing the rating of the tubes used, or by providing 
an exciter with 2 field windings. One of these windings 
would be used as the regular shunt field, and the other 
would be separately excited by the rectifier tubes. By 
properly proportioning the separately excited winding, 
small tubes could be used to control the larger machines. 
The addition of a low-rating single-phase voltage-adjusting 
transformer between the source and the nonlinear control 
circuit would permit operation at any desired voltage 
above or below nominal rating. 
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Conclusion 


Because of the wide variation possible in machine con- 
stants no definite comparisons between this and other 
types of regulators can be made. Even under the con- 
ditions which this circuit was tested, however, it pro- 
duced sensitivity and operating speed comparable with 
any of the existing electronic types with the decided ad- 
vantage of simplicity of design. It has no moving parts, and 
the only attendance required would be the periodic inspec- 
tion and testing of the rectifier tubes. Even if both tubes 
should fail simultaneously in service, a very unusual oc- 
currence, the worst possible result would be the operation 
of the alternator at light load with a field excitation 
corresponding to normal voltage at full load. 
of short circuits on the system, the field excitation can 


fa re a a 


In case 


only exceed that required to maintain normal voltage at | 


full load by a predetermined amount, and hence the sever- 
ity of short circuits will be lessened. 
drops, the regulator will still exercise considerable regu- 
latory action at subnormal voltage. If the frequency 
rises the control circuit will be sensitive at a higher value 
of voltage, and would regulate for this voltage if the 
field excitation for maintaining this voltage were available. 
Usually, however, the field excitation would be only slightly 
greater than normal full-load value, and the regulator 
would be inoperative except at light loads. 

Thus we see that the regulator herein described has a 
number of advantages over other types without any ap- 
parent disadvantages. 
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Special Uses for the Automatic Oscillograph 
(Continued from page 440) 


110-kv system. Applying the 6 volts direct current to 
this element gives an offset to the a-c wave during the 
interval that the tripping circuit is open. This is shown 
in figure 4. A similar arrangement of connections is 
made to the carrier receiver relay on the second 132-kv 
circuit and the d-c offset is obtained on another a-c voltage 
element of the oscillograph. The oscillograph battery is 
used for the offset on one circuit, and in order to eliminate 
the possibility of short-circuiting the secondaries of 2 
potential transformers, a separate battery is used for the 
offset on the other circuit. 
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If the frequency — 


With this arrangement it is possible to check the over-all 
time required for the relays on each circuit to operate 
and open the trip circuit, and also the time required for 
them to reset and stop carrier after the fault is cleared. 
Comparing the times required by the relays on each 
circuit with the times obtained on the previous calibration 
and test, will indicate any change in total time which has 
taken place. A change in the total time may be due to 
any one of a number of relays, but by checking this total 
time it is possible to determine when a special calibration 
_and test should be made on the individual relays. 


Conclusions 


The operating records shown indicate that the use of 
the automatic oscillograph in locating faults, affords a 
means of reducing the cost of patrolling circuits after 
trip-outs. The annual saving, especially on systems com- 
posed of long circuits and whose terrain is subjected to a 
large number of electrical storms, makes the installation 

of several automatic oscillographs a profitable investment. 

Temporarily connecting the automatic oscillograph to 
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G. A. Powell. 


obtain a complete over-all check of the carrier-current- 
controlled relays is a new aid in insuring the correct 
operation of the relay protection for all types of trouble. 

By using the oscillograph to indicate the performance of 
the carrier-current-controlled relays for faults both inside 
and beyond the protected section, complete over-all 
checks can be made less frequently with a subsequent 
saving in maintenance costs. 
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A-C Characteristics 


of Dielectrics—lIl 


Discussion and author’s closure of a paper by 
Alfredo Banos, Jr., published in the December 
1936 issue, pages 1329-37, and presented for 
oral discussion at the electrophysics session of 
the winter convention, New York, N. Y., 
January 28, 1937. 


J. B. Whitehead (The Johns Hopkins 
University, Baltimore, Md.): Only a few 
years ago our knowledge of the nature of 
dielectric loss was extremely vague. With 
increasing importance of dielectric loss and 
phase difference in high-voltage insulation, 
however, it was soon realized that the d-c 
phenomenon of residual charge or dielectric 
absorption must be related to dielectric 
loss. Theories as to the cause of dielectric 
absorption were not then, nor are they now, 
in quantitative accord with experiment. 
Consequently Von Schweidler, leaving aside 
the question of theory, substituted the 
relaxation function g (¢), expressed as 
current in the normal a-c power expressions, 
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and derived the values of both in-phase or 
power, and quadrature or capacitance com- 
ponents of the periodic current of a ca- 
pacitor. These values both involve ¢ (f) 
which consequently had to be determined for 
their evaluation. Now ¢ (¢) can be deter- 
mined from d-c experiments. It so hap- 
pens, however, that ¢ (¢) so determined, is 
rarely such a form that it can be expressed 
in a single term. All such decaying func- 
tions, however, can be expressed as a sum 
of negative exponential terms, and these 
are readily handled in the Von Schweidler 
formulas. If, however, the number of such 
terms necessary to represent ¢ (¢) is large, 
the computation becomes rather burden- 
some. 


The method of 3 exponentials has been 
developed because it has been found that in 
the range of power frequencies, 3 terms are 
amply sufficient: first, for accurate com- 
putation of the a-c loss from the d-c char- 
acteristics of the material, second, the divi- 
sion of that loss into its 2 components due 
to dielectric absorption and anomalous 
conduction, respectively, and, third, because 
this analysis provides information upon 
which studies looking to the improvement 
of any particular insulation may be based. 
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The present paper shows that for agree- 
ment between computed and measured 
values of the capacitance component of 
current, the curve of a (#) must be extended 
further in the direction of ¢ = 0, than is the 
case for the power component. Bafios has 
given a very clear analytical explanation 
of why this is so. 


M. G. Malti (Cornell University, Ithaca, 
N. Y.): I have been interested in theories 
of dielectrics for some time. To me a 
physical theory consists of linking physical 
facts with mathematical relations in a one- 
to-one correspondence so that every mathe- 
matical relation corresponds to a certain 
physical fact and vice versa. 

The ‘‘method of 3 exponentials” described 
in this and the previous paper does not 
state explicitly what the 3 exponentials 
represent physically. Unless there is a 
physical basis for the 3 exponentials, I feel 
inclined to state that the method is purely 
a curve-fitting process and has nothing to 
do with the ‘“‘A-C Characteristics of Dielec- 
trics.”” Indeed while these exponentials 
were used by the authors to “fit”’ the relaxa- 
tion curve, IJ see no reason why that same 
curve could not be just as well (perhaps 
much better) ‘‘fitted’’ by a polynominal 
or any other of the myriads of mathe- 
matical functions known to mathematicians 
and engineers. 

The point I should like to make is this: 
Many of the so-called theories of dielectrics 
have been nothing but curve fitting proc- 
esses. Unfortunately physicists are too 
busy splitting atoms and otherwise probing 
into the constitution of matter to help us 
with our immediate practical problems of 
dielectrics and magnetics. Those of us who 
are concentrating our efforts on such studies 
would do well to emulate the physicists and 
devote more attention to the fundamental 
physical phenomena underlying observed 
facts. 


W. A. Del Mar (Habirshaw Cable and Wire 
Corporation, Yonkers, N. Y.): It may seem 
like quibbling to take exception to the use, 
by Bafios, of the expression “‘predetermina- 
tion of a-c characteristics” but I think that 
a very incorrect impression of the paper is 
given thereby. The author’s accomplish- 
ment is not one of prediction but of cor- 
relation between the residual relaxation 
curve obtained by d-c measurements and 
the power factor obtained by tests at 60 
cycles. This is done by the resolution of 
the residual relaxation curve into the sum of 
a series of exponential curves. The same 
thing would be done by using some other 
empirical formula for this curve. When one 
writes a theoretical paper on the predeter- 
mination of performance of a dynamo, one 
implies the ability to predict the perform- 
ance of the dynamo from the design, before 
the dynamo is built. In the Bafios paper 
the dielectric must be in existence and can 
be tested with alternating current as easily 
as with direct current. 

A means of really predicting power factor 
of impregnated paper from d-c measure- 
ments of oil and paper before impregnation 
was given by Del Mar and Hanson in June 
1922 and the curve given by Hanson for 
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petrolatum impregnated cables (AIEE 
TRANSACTIONS, volume 41, 1922, page 624) 
is very striking in its close co-ordination 
between the prediction and the measured 
value. This method of predicting power 
factor is based on the conventional one- 
minute resistivity of the cable oil. If the 
residual relaxation function were always 
the same, a single point, such as corre- 
sponding to one minute, would suffice to 
establish a connection between the one- 


: dE 4 iy ver 
minute ar or conventional resistivity, 


such as shown by Hanson’s curve. If, 
however, the residual relaxation function is 
variable and must be represented by the 
sum of, say, 3 exponential fuctions, the 
factors representing the magnitude of these 
components are likely to vary with different 
oils and papers and true prediction of power 
factor (that is, prediction from the proper- 
ties of the oil and paper, before they are 
united), will be impossible unless these 
factors are known for the oils and papers 
concerned. It would be a worth-while 
research to develop a simple means of pre- 
determining these factors. 

I have a classification for researches 
which is as follows: 


1. Those which are headed somewhere and get 
there. 


2. Those which are headed somewhere and get 
somewhere else. 


8. Those which are headed somewhere and get 
nowhere. 


4. Those which are headed nowhere and get some- 
where. 


5. Those which are headed nowhere and get no- 
where. 


When I first read Bafios’ paper and my 
eye was caught by the word ‘“‘predeter- 
mination,” I thought that his research 
belonged in class 2, but I now see that it 
really belongs in class 1. 


E. W. Greenfield (Anaconda Wire and 
Cable Company, Hastings-on-Hudson, 
N. Y.): As Bafios has pointed out, the fre- 
quency function of the quadrature com- 
ponent of absorption permits contributions 
from the unobserved so called residual 
relaxation function which must be taken 
into account in order to accurately predict 
the a-c dielectric constant from the d-c 
absorption curves. The initial residual 
relaxation function is the difference between 
the relaxation function of the exponential 
of shortest time constant, and the relaxation 
function of that part of the initial curve not 
recorded by the oscillograph and expressed 
also in exponential series. When this 
residual relaxation function is large, its 
contribution is large and the ‘‘3 exponential”’ 
computed absorption component of capacity 
will be appreciably smaller than observed 
by frequency measurements. Another way 
of expressing the above is to say that the 
effective time constant of the d-c character- 
istic as computed from the experimentally 
taken oscillograms is too large when no 
account is taken of the initial unrecorded 
characteristic which has generally smaller 
time constants. The smaller the time 
constants, or the steeper the slope, of this 
unrecorded portion, the greater the devia- 
tion between computed and observed values. 
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If the frequency-capacity variation for 
the dielectric be available, a check of the 
range of frequency over which the absorp- 
tion component of dielectric constant falls 
before reaching constant value will immedi- 
ately indicate the range of time necessary 
for the oscillograph to accurately record the 
d-c characteristic. Where the dielectric has 
an extended frequency range of capacity 
decrease, the time constants or, for simpli- 
fication, the effective time constant of the 
exponential function series representing the 
whole initial d-c characteristic, will be small 
and considerable contribution can be ex- 
pected from the higher frequency terms. 
Where the frequency range of capacity is 
small, not over 500 cycles per second, 
oscillograph records starting at one milli- 
second may yield quite accurate prediction 
of the absorption component of capacity at 
60 cycles. 

In the experimental work on dry paper 
referred to by Bafios, AIEE TRANSACTIONS, 
volume 53, 1934, page 13889, Whitehead and 
I have shown in figure 4, curves of capacity 
plotted against frequency for a cable paper 
specimen of varying degrees of dryness. 
Inspection of these curves indicates that the 
range of frequency over which the capacity 
is seen to decrease is different for each 
moisture condition, being smaller in the 
drier state. For example, when dried at 
765 millimeters of mercury, the capacity 
decreased continuously from its 60-cycle 
value to become constant at 3,000 cycles 
per second. On the other hand, for the 
paper in its driest state, the range of capac- 
ity decrease was only over 500 cycles. 
From this it is evident that the form of the 
relaxation function of the dielectric has been 
altered by its change in residual moisture 
content. This is also evident on figure 5, 
where the short-time d-c discharge curves 
of the dielectric are shown. Increase of 
moisture content is apparently responsible 
for addition to the relaxation function of 
components of small time constant, and 
thus causes an increase of the so-called 
residual relaxation function. Based on 
the frequency-capacity curves of figure 4, 
it may then be predicted that the correlation 
of absorption component of capacitance 
between a-c and d-c measurements should 
be better for the driest condition and poorest 
for the most moist condition. That this 
is so is evident from table I, which gives. 
the power factor and capacity analysis of 
the d-c oscillograph curves. In columns 
8 and 9 the agreement between observed 
aud computed values of absorption capacity 
is generally better as we proceed from moist 
conditions to dry conditions of the dielec- 
tric. 


Alfredo Bafios, Jr.: I feel grateful to White- 
head for his pertinent remarks which ably 
summarize both the purpose of our earlier 
researches and the goal actually attained im 
these studies. It is clear from our publica- 
tions that, in this aspect of the work, we 
have at no time professed to give a theory 
of dielectrics, but that we have simply 
brought Von Schweidler’s method of a-c 
computation to the domain of experimental 
quantitative verification and that, in so 
doing, we have developed a method of 
separating dielectric loss into its 2 funda- 
mental components: reversible absorption 
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and anomalous conduction. The importance 
of this achievement, not only from the theo- 
retical point of view, but also from the stand- 
point of high voltage insulation design, is 
now generally well recognized and need not 
be further stressed. 

In connection with Malti’s discussion I 
must again reiterate that we offer no theory 
of dielectrics; hence our ‘‘3 exponentials,”’ 
which are only a means to an end, have 
no physical significance. In fact, casual 
study of our method of “curve fitting,” 
as explained in our first publication, should 

leave no doubt that, on account of its 
— inherent indeterminateness, the 3 exponen- 
tials lose all hope of ever attaining a definite 
physical meaning. I do insist, however, 
__ that from among the myriads of junctions 
known to mathematicians and engineers, 
the exponential function is the best suited 
for our purpose. Indeed, a clear under- 
standing of Von Schweidler’s method of 
a-c computation depending, as it does, on 
the determination of 2 infinite definite 
integrals whose convergence requirements 
must be carefully inspected, should make it 
- plain why the exponential function is admir- 
ably suited for the purpose at hand and why 
any other function, a polynomial, for 
example, while fitting the relaxation func- 
tion accurately for a limited range of time, 
could not yield at all reasonable values for 
- the A and B integrals in Von Schweidler’s 
method. 

Referring to Del Mar’s discussion I agree 
that the title “correlation of a-c and d-c 
characteristics of dielectrics’? would un- 
doubtedly give a better idea of the sub- 
ject matter treated. I do take exception, 
however, to the statement that correlation 
between the d-c characteristics and the a-c 
power factor could be attained by the use 


of any empirical equation representing the 


relaxation function, for, as explained in the 
preceding paragraph, the exponential is 
the simplest function which complies with 
the convergence requirements of the 
method. 

To E. W. Greenfield I wish to express 
my appreciation for his excellent and 
thorough discussion of my paper, bringing 
out clearly the correct interpretation of 
our results together with an enlightening 
set of remarks based on his own experi- 
mental results which, in themselves, con- 
stitute a valuable supplement to our con- 
clusions. 


Dielectric Strength 
of Transformer Insulation 


Discussion and authors’ closure of a paper by 
P. L. Bellaschi and W. L. Teague published 
in the January 1937 issue, pages 164-71 and 
137, and presented for oral discussion at the 
ele ctrophysics session of the winter conven- 
tion, New York, N. Y., January 28, 1937. 


J. B. Whitehead (The Johns Hopkins 
University, Baltimore, Md.): The funda- 
mental dielectric properties of an insulating 
material can rarely be conserved and main- 
tained through the processes of manu- 
facture, transportation, installation, and 
operation of assembled equipment. It is 
for this reason that the results and values 
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obtained in laboratory research may not 
be immediately applied in manufacture. 
The paper of the present authors and that 
of Montsinger, a few months ago, describe 
results of breakdown tests on oil and lami- 
nated materials with almost identical types 
of test sample. These test samples, how- 
ever, in all cases employ an electrode with 
square edges and without guards which is 
recognized by long experience as being a 
very unsuitable set-up for a study of the 
inherent characteristics either of a liquid 
or a solid. Obviously, therefore, these and 
similar tests cannot be considered as tests 
of the properties of the insulating materials, 
but are tests of these materials in relation to 
special types of electrodes. Moreover, 
these electrodes are known to give highly 


‘irregular fields, brush discharge, corona, 


etc., long recognized as disturbing influences 
in breakdown tests. 

These things may be said without in 
any way questioning the practical impor- 
tance of such tests. They are evidently 
designed to cover the actual conditions 
under which the insulation must be as- 
sembled in manufacture. Thisis obviously a 
sufficient justification for any design of 
test sample. I judge that the use of asharp 
edge is intentional so as to produce the 
worst conditions, but if the tests are in 
accord with measurements on assembled 
power transformers, as is indicated, the 
question arises as to whether the breakdown 
strength of these might not be improved 
by looking for all sharp edges and rounding 
them off. 

It seems to me idle in view of the condi- 
tions of the tests, involving as they do the 
continued presence of brush discharge and 
corona, to write formulae for the voltage- 
time curves, or to speculate as to an explana- 
tion of their unusual shape. In view of the 
results of many careful experiments on the 
inherent properties of the materials them- 
selves, I strongly suspect that the sharp 
rise of the curve of measured breakdown 
voltages for short impulses does not give the 
actual voltage on the sample, but that 
within this region the rise of voltage above 
the horizontal portion of the curve is due 
to a loss in voltage within the brush dis- 
charges, corona, and local capacitances 
within the sample itself. Support of this 
view is found in a number of cases in which 
the solid insulation broke down at points 
outside the electrode. 


J. R. Meador (General Electric Company, 
Pittsfield, Mass.): The authors, under the 
heading of ‘Combined Solid and Liquid 
Insulation,” give impulse and 60-cycle 
breakdown voltages for an _ insulation 
barrier consisting of 2 0.056-inch thick 
fullerboard sheets and 3 !/3-inch oil ducts 
arranged alternately. The impulse tests 
were made with waves having durations 
of from 0.35 microsecond to a full 40 micro- 
seconds. Over this range the impulse ratio 
on repeated applications of voltage is shown 
to’ be’ practically constant at 2:2. Ina 
previous paper (“Insulation Coérdination 
of Transformers—II,” by Bellaschi and 
Vogel, June 1934 issue of ELECTRICAL 
ENGINEERING) similar tests are made on 
2 larger barriers. These tests showed an 
impulse ratio on repeated applications of 
voltage of 1.79 and 1.78. Three possible 
explanations for this difference of impulse 
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ratio are as follows: 


1. A change of technique giving different results. 
2. A change in the shape or size of the electrodes, 


3. <A change in the insulation arrangement. 


Assuming that the difference is not due 
to cause 1, it appears that different insula- 
tion arrangements and electrode sizes and 
shapes have an effect on the repeated shot 
impulse ratio. Consequently, it does not 
appear logical to use the maximum impulse 
ratio of 2.2 for determining the impulse 
test for transformers of all voltage classes. 

The tests on the assembled transformers 
presumably were made without damage to 
the transformers. If no damage occurred, 
then the ‘‘turn up” of the voltage at short 
“times’’ on figure 10 has significance only 
if the relation between the applied voltage 
and the breakdown voltage is constant in 
each region. 

With regard to the switching surge tests 
shown on figure 10, what was the frequency 
of the switching surges as compared with 
the lowest natural frequency of the trans- 
former winding? 

It has been shown (“Effect of Transient 
Voltages on Power Transformer Design,” 
K. K. Paluev, AIEE TRANSACTIONS, 
volume 48, July 1929, page 681) that oscil- 
latory waves caused by switching or arcing 
grounds may have frequencies comparable 
with the natural frequencies of transformer 
windings. This is of importance since an 
oscillatory wave applied to an unshielded 
transformer will cause high concentrations 
of voltage in the winding if the frequency 
of the wave is within plus or minus 40 per 
cent of one of the natural frequencies of the 
winding. If the frequencies of the switch- 
ing surges represented by the points on 
figure 10 were considerably less than the 
lowest natural frequency of the transformer 
winding, the effect of these tests on the 
winding was not comparable with the 
stresses that may occur in service. 


V. M. Montsinger (General Electric Com- 
pany, Pittsfield, Mass.): This paper gives 
very complete data on the volt-time curves 
on various oil gaps and on single sheets of 
pressboard. The statement made by the 
authors that more data were required to 
establish adequately the volt-time char- 
acteristics of insulation needs to be qualified. 
If they are referring only to the character- 
istics of oil alone and to solid insulation 
alone, I more or less agree with them, but 
if they refer to insulation as used in trans- 
formers, particularly major insulation, I 
must take exception to thestatementin so far 
as it relates to the increase in the breakdown 
strength for short waves of the order of 
approximately one microsecond and less. 
My experience shows that the volt-time 
curve of solid insulation and oil in series 
starts bending up in the neighborhood of 
2 to 3 microseconds and bends up consider- 
ably more than shown in either figure 6 or 
figure 7 of the paper. In fact, considering 
that the volt-time curve of oil alone as 
shown in figures 3, 4, and 5 starts bending 
up around 10 microsecond—and the break- 
down strength increases in the order of 100 
per cent for !/, microsecond time—it is to 
be expected that the volt-time curve of 
transformer major insulation, where oil is 
used in series with solid, should not only 
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start bending up earlier but also should 
bend up more than shown by the authors’ 
curves for pressboard alone. Figure 4 
shown in the closure of my paper ‘‘Break- 
down Curve for Ingulation,’”’ given (in the 
April issue of ELECTRICAL ENGINEERING) at 
last winter’s convention, shows the bend-up 
in the curve as indicated by tests made by 
both Vogel and myself on various thick- 
nesses of barriers. This curve shows that 
the breakdown strength at one microsecond 
is 25 per cent greater than the full wave 
breakdown strength and at 1/, microsecond 
is approximately 50 per cent greater than 
the full wave strength. 

Since the presentation of my paper last 
winter, our Laboratory has made many 
hundreds of tests to determine the shape of 
the volt-time curve from approximately 
3 microseconds back to 1/2 to 1!/, micro- 
second on barriers of different thicknesses 
and based not only on single shot breakdown, 
but on repeated applications of voltage. A 
still better gauge than repeated voltage 
breakdown is the point at which corona 
starts to damage the insulation. This also 
has been investigated. While the tests 
are not yet completed, results up to the 
present time indicate that for full waves 
the injurious corona point will range any- 
where from approximately 70 to 90 per cent 
of the single shot breakdown depending on 
the kinds of electrodes used. For bare 
electrodes with sharp edges injurious corona 
may start around 65 to 70 per cent while 
for well insulated electrodes injurious 
corona may not start until about 90 per 
cent of the breakdown strength is reached. 
For average conditions I think we can 
assume that injurious corona (or break- 
down if subjected to sufficient number of 
shots) occurs at 80 per cent of the single 
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before rules can be drawn up for testing 
transformers on the front of waves, we 
must have considerably more data than has 
been published up to the present. 

Last winter when my paper on ‘‘Break- 
down Curve for Insulation” was presented, 
the question was raised as to whether major 
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Fig. 1. Volt-time curves of insulation con- 


sisting of solid and oil in series, simulating 
major insulation in a transformer 


A—Breakdown by single application of voltage 


B—Breakdown by repeated application of voltage 
(approximate) 1.5 x 40 impulse wave (positive or 
negative) 


insulation of transformers, consisting of 
solid insulation and oil in series, had the 
flat characteristics; that is, the constant 
breakdown strength over the region in time 
from approximately 3 microseconds to 1, 
2, or 8 cycles of 60-cycle voltage. Since 
that time tests have been made on a barrier 
consisting of 2 1/3.-inch pressboard sheets 
separated by !/,s-inch oil duct. The results 
of these tests are shown in figure 2. It will 
be noted that where 50 per cent of the space 
is occupied by oil, the other 50 per cent by 
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Fig. 2. Volt-time curve of single shot breakdown of 2 1/5:-inch pressboard and 1/1-inch oil 
duct in series in oil at 25 degrees centigrade 


shot breakdown value. This applies to 
either solid or solid and oil in series. 

The shape of the curve is somewhat 
similar to but does not bend up quite as 
much as the single shot breakdown curve as 
shown in figure 1. The purpose of these 
tests is, of course, to obtain basic data for 
protecting transformers in service against 
both long waves and short waves. As it is 
planned to give the results of these tests 
in a paper for a later convention, no attempt 
will be made to present the data in this 
discussion. It can be seen therefore, that 
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solid, the shape of the curve is essentially 
the same as the curve for a single sheet of 
pressboard. 

As the primary purpose in making these 
tests was to determine the characteristics 
within the flat region, no breakdown tests 
were made with extremely short waves to 
determine the bend-up in the curve from 
approximately one microsecond and _ less. 
A considerable amount of data has already 
been obtained on this point. 

In view of the results which our labora- 
tory has obtained on the breakdown 
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strength of many barriers on front of wave 
tests, as compared with breakdown for full 
waves, I am at a loss to understand why the 
authors’ tests show the same breakdown 
strength of 300 kv for 0.85 microsecond 
as for 21/. microseconds on the insulation 
barrier consisting of 2 0.056-inch thick 
pressboard sheets and 3 !/s-inch oil ducts 
arranged alternately, as given on page 170. 

I believe it can readily be appreciated 
that the main difference between my views 
and the authors’ views is that the authors 
feel that when short or front of wave tests 
are made on transformers, the kilovolt 
values should not be allowed to exceed the 
kilovolt values used for the full wave 
tests, whereas my views, as based on 
laboratory tests, indicate that a somewhat 
greater increase in kilovolt values can be 
used when testing transformers on the 
front of the wave. 

As to the claim that the impulse test 
kilovolt should be 2.2 times the 60-cycle 
crest test, many tests made on actual 
transformer windings have shown impulse 
ratios varying from about 2.2 to 8, the 
general average being approximately 2.6. 
This applies only to single wave impulse 
strengths of major insulation. 

Under repeated voltage conditions the 
impulse strength of the major insulation is 
obviously lower than 2.2 to 3 times the 
60-cycle one-minute strength, the reduction 
depending upon the difference between the 
impulse single voltage application and 
impulse repeated voltage application 
strengths of the insulations involved. The 
repeated impulse strength of transformer 
windings is in the order of 80 per cent of the 
single shot strength. That is, it will range 
from about 1.75 to 2.4 with a general safe 
average value of approximately 2.0 times 
the 60-cycle one-minute strength. There- 
fore for a 138-kv transformer the impulse 
kilovolt should not exceed 24/2 X 277 = 
782 kv which is quite close to the present 
AIEE recommended value of 745 kv which 
is 105 per cent of the bushing flashover. 


I. W. Gross (American Gas and Electric 
Company, New York, N. Y.): This paper | 
is a worthy contribution to the rather meager 
published data on the electrical strength of 
insulation typical of that used in trans- 
formers. I particularly wish to compliment 
the authors on the completeness with which 
they have substantiated their test curves 
by showing test points in all of their curve 
data. 

In regard to the switching surge tests, it 
is not clear from the paper if one impulse 
only was applied or whether the surge con- 
sisted of several high frequency cycles 
similar to actual switching surges recorded 
in the field by the cathode ray oscillograph. 
If only one impulse was used it seems 
possible that the values of insulation break- 
down might be somewhat lower than given 
by the authors. 

The tests shown graphically in figure 10 
throughout a wide range of voltage condi- 
tions on full size commercial transformers 
are particularly interesting, but the logic 
behind some of the conclusions drawn 
from that data is difficult to follow. 

First, it is stated the test in region E 
(these being front of wave tests where the 
wave rose to crest in from !/, to 1 micro- 
second) encroach on the margin of the 
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insulation impulse strength. Yet it will 
be noted one transformer withstood 15 
tests in this region, and the other 4 tests. 
It is hard to understand why they believe 
the test in this case was excessive, and there 
appears to be nothing in the paper to bear 
out this statement. 

They further state that ‘‘these tests on 
the transformer are amply indicative that 
the voltage time characteristics of this and 
other apparatus of the kind is similar in 
shape to that for oil and fullerboard.”’ 
While I do, not question the latter part of 
this conclusion, the fact must not be lost 
sight of that the transformers withstood the 
tests, but the samples of oil and fullerboard 
failed all under similar voltage test condi- 
tions. It seems quite possible, therefore, 
that the transformers may have a safe 
impulse strength, at some points on the 
volt-time curve given considerably greater 
than the values at which they were tested. 

The authors further state that the large 
number of tests made on the 2 transformers 
with impulse and 60-cycle voltages ‘‘are 
sufficient to establish the adequacy of a 
transformer design for practically all con- 
ditions of service.’”’ This statement as- 
sumes a great deal as to service which often 
may not be reasonably attainable in prac- 
tice. 

I certainly hope their statement is cor- 
rect; for if so, most of us would cease to 
worry about many of the refinements in 
supplying transformers with protection 
which have recently been advocated. 

It is true the large number of tests on 
these 2 transformers do tend to give us some 
assurance that transformers can be built to 
adequately meet a given set of insulation 
specifications; but I believe we still have 
with us the practical problem of protecting 
these transformers under the varying con- 
ditions of service encountered in the field. 


P. L. Bellaschi and W. L. Teague: In his 
discussion, V. M. Montsinger calls attention 
to the relation between the impulse strength 
of insulation for a single voltage appli- 
cation and for repeated applications. His 
conclusion is that the impulse voltage on 
transformers should not be more than 2.0 
times the 60-cycle one-minute strength, 
thus for a 138-kv transformer the impulse 
kilovolts should not exceed 2.0 1/2 XK 277 = 
782 kv. This is an important conclusion 
to consider as it essentially comprehends 
the various points considered throughout 
the discussion. In this connection refer- 
ence to figure 10 of the author’s paper clearly 
shows that impulse tests up to 2.2 2 X 
277 = 860 kv could be applied repeatedly 
on the 132-kv transformers, both shell and 
core types. Similarly, in a previous paper 
where the fundamental relations on possible 
insulation deterioration on repeated im- 
pulses of long, medium, and very short 
duration were first set forth (‘‘Factors 
Influencing the Insulation Coérdination of 
Transformers—II,”’ P. L. Bellaschi and 
F. J. Vogel, ELecrricaL ENGINEERING, 
June 1934), attention was called to repeated 
tests on 230-kv transformer design at 461 


_/2 X 2.2 = 1430 kv. 


In Montsinger’s discussion, he refers to 
tests made by both Vogel and himself on 
various thicknesses of barriers, and that 
they showed an increase in breakdown 
strength at very short times. I would 
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like to call attention to the fact that Vogel 
has not published data showing this to be 
the case for repeated tests, as his data are 
shown in the paper just referred to. It 
should also be noted that the data previously 
reported referred to a particular type of 
barrier and electrode arrangement, repre- 
sentative of the higher voltage transformers, 
and not including other arrangements used 
on lower voltage transformers. 

Curve A of figure 1 for the breakdown of 
insulation by single application of voltage 
is well known. It appears, for example, in 
figure 1 of the paper cited in a previous 
paragraph. The curve B of figure 1 for 
repeated applications is interesting, but 
it is not clear from the discussion whether 
the author considers this as a specific or a 
generalcurve. For example, tests have been 
made where the corresponding curve B rises 
much higher on very short impulses than 
indicated in figure 1 (“‘Direct-Stroke Pro- 
tection of Distribution Transformers,” 
H. V. Putman, Electric Journal, February 
1937, page 60). The converse is possible 
for other apparatus. Curves such as B 
of figure 1 need be clearly specified with 
reference to the apparatus or test specimen, 
number of voltage applications, and similar 
essential information. 

Montsinger has presented additional 
data of interest on the characteristic of 
insulation over the “region B,” that is, 
from some 2 to approximately 100,000 
microseconds. His figure 2 further con- 
firms that the voltage characteristic of 
transformer insulation is practically flat 
over the entire range of medium and long 
impulses and switching surges. 

The point raised by Meador that change 
in shape or size of electrodes or in the insula- 
tion arrangement may result in different 
levels of possible damage is quite true as 
has been discussed in the previous para- 
graphs. Thus distribution apparatus has 
a relatively higher strength and endurance 
to repeated impulses than the higher- 
voltage class insulation. Again, the ratio 


of 2.2 indicated in figure 10 has been estab- _ 


lished by repeated tests. 

The question of switching surges in rela- 
tion to so-called possible resonance effects 
has always been intriguing. Available 
data (see, for example, C.J.G.R.E., 1935, 
paper 353, and similar data published here) 
indicate that true oscillatory voltages 
superimposed on the 60-cycle wave are 
relatively of low value. The higher values 
that may be encountered are impulsive 
in character. For these reasons the tests 
applied to one of the transformers are amply 
severe both from the standpoint of oscil- 
lations and amplitude. Repeated tests 
running into the hundreds were applied at 
values 3!/, the operating voltage and in 
addition, as indicated in figure 10 the volt- 
age was raised to 5 times and more the 
operating voltage. The character of these 
switching voltages is abruptly steep and 
enduring for hundreds of microseconds, 
fully developing all internal oscillations. 
These would produce stresses more severe 
than could be accounted for even had the 
wave been in resonance and of such ampli- 
tude as has been encountered in practice. 
Our own experience has not yet shown 
failure due to switching causes even on 
under-insulated transformers. 

We well agree with Whitehead that the 
tests and data in the paper are primarily of 
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an engineering character and are directed 
chiefly toward engineering progress in 
insulation co-ordination. Though the re- 
sults also bear out interesting findings of 
a theoretical nature. It is amply apparent 
from this discussion that in the design of 
apparatus all possible causes of corona 
should be completely or practically sup- 
pressed. The rise in the voltage time-lag 
characteristics, to which Whitehead refers, 
has also been found by other investigators 
both in this country and abroad (on oil, for 
example, see C.J.G.R.E., 1935). 

I. W. Gross rightly raises the point 
whether the limited tests applied to the 
2 transformers in the region E (figure 
10) do encroach on the insulation, since 
they withstood the tests. A  consider- 
ably greater number of repeated tests 
indicate that damage would result. It 
is apparent from this cumulative effect 
that a smaller number of tests would 
also encroach, in a certain measure on 
the margin factor of the insulation. 

The voltage values in region D, C, 
and B were limited by the rod gap. Were 
no gap employed the bushing would 
naturally set a limit of the same rela- 
tive order. These hold values should 
be considered in relation to the major 
insulation strength and the strength 
throughout the entire winding for the 
corresponding stresses set up. To con- 
tinue these tests to breakdown would 
require an increase in rod gap spacing 
or what amounts to the same thing, a 
higher voltage bushing. Between the 
ultimate strength and the hold strength 
naturally a margin exists. 

Even after fulfilling by proper design 
and adequate test the requirements in a 
transformer, the problem of protection 
remains. It was not the intention a 
all to convey such idea that this problem 
would be dispensed with. One purpose 
of this paper, supported by the tests, 
is to call attention to the full significance 
of the 60-cycle and impulse tests as an 
index to an expectancy of good service 
in the transformer. The preceding paper 
to this one (‘‘Factors Influencing the 
Insulation Coérdination of Transform- 
ers—II,”’ P. L. Bellaschi and F. J. Vogel, 
ELECTRICAL ENGINEERING, June 1934) 
presents fundamental considerations un- 
derlying the problem of protection in re- 
lation to the characteristics of substation 
apparatus. We wish to recall the at- 
tention to these principles, even though 
each case of application may in addition 
present problems inherent in the particu- 
lar service conditions. 

The switching surge applied in the in- 
sulation tests appears in oscillogram D 
(figure 8). The surge is oscillatory; 
besides 60-cycle voltages of equally great 
amplitude were applied the insulation 
for several oscillations, indicating with 
adequate assurance that the voltage- 
time characteristic for the various possible 
conditions of switching can hardly be 
other than a flat curve. The trans- 
former was subjected (figure 1) to a large 
number of repeated surges at 31/2 times 
the operating voltage, then in addition 
at 5 times and more as indicated on 
figure 10. These switching voltages are 
abruptly steep and enduring for hundreds 
of microseconds, comprising a severe 
test. 
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Of Lastitutre sa | Related Activities 


Elihu Thomson— 


March 29, 1853— March 13, 1937 


Gry: one of the longest, most 
varied, and most fruitful careers in elec- 
trical engineering, Elihu Thomson died at 
his home in Swampscott, Mass., on March 
13, 1937, just a few days before his eighty- 
fourth birthday. Indisputably the dean of 
American electrical engineers, he was re- 
garded as being second to none among the 
small group of his contemporaries upon whose 
inventive genius the electrical industry of 
the world was founded and through whose 
perseverance and keen foresight it grew. 

Recognized for his character and ability, 
and honored by his contemporaries through- 
out his lifetime, few men, if any, have 
contributed more to the progress of the 
world than did Elihu Thomson, and fewer 
still have lived to see such full fruition of 
their ideas. He was one of the last of the 
original group of great electrical pioneers. 

His signature was on the “call” for the 
May 1884 organization meeting of the 
AIEEE, and Doctor Thomson became a char- 
ter member of the Institute. He main- 
tained an active affiliation for the remainder 
of his life. He is survived by only 3 other 
charter members whose names still appear 
on the active list. Although not caring for 
administrative work, preferring to remain 
“in the ranks’ and closer to his work, Elihu 
Thomson was elected a vice-president of the 
Institute in 1887 and immediately upon 
completion of his term in that office became 
in 1889 the fifth in the line of great leaders 
who have guided the Institute’s destiny. 

Doctor Thomson was particularly active 
in local Institute affairs, and a perusal of the 
AIEE ProceeEDINGs prior to 1910 will show 
that he presented papers and discussions at 
many Section meetings. He served as a 
member of the Institute’s committees on 
co-operative research and standardization 
from 1898 to 1900, and as chairman of the 
Edison Medal committee from 1911 to 1915. 
Thomson was not a prolific scientific writer, 
but the character of his writings is attested 
by the following papers published in the 
AIEE TRANSACTIONS: 


1. Novet PHENOMENA OF ALTERNATING CuR- 
RENTS, volume 4, May 1887, page 160. 


2. Macnetism IN Its RELATION TO INDUCED 
ELECTROMOTIVE FORCE AND CURRENT, volume 6, 
May 1889, page 269. 


3. PHENOMENA OF ALTERNATING-CURRENT IN- 
DUCTION, volume 7, April 1890, page 132. 


4. ComPpouNDING DyNAMos FOR ARMATURE RB- 
ACTION, volume 12, June 1896, page 288. 


5. A New Form or InpDucTION Colt, volume 14, 
July 1897, page 225. 
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6. CONDITIONS AFFECTING STABILITY IN ELECTRIC 
LIGHTING CrrRcuiITs, volume 28, January 1909, 
page 1. 


In 1904 the Institute, in response to an 
invitation by an organization of associates 
and friends of Charter Member Thomas A. 
Edison, undertook the responsibility of mak- 
ing the awards of a gold medal now known 
as the Edison Medal. Elihu Thomson, in 
1909, was the first to receive the award ‘“‘for 
meritorious achievement in electrical science 
engineering, and arts, as exemplified in his 
contributions thereto. ...” 

In June 1928 the Institute was priviliged 
to give further recognition to Thomson’s 
services and achievements. The consti- 
tution provides that Honorary Members may 
be chosen, upon the unanimous vote of the 
board of directors, “from among those who 
have rendered acknowledged eminent serv- 
ice to electrical engineering or its allied 
sciences.”’ Prior to June 1928 the few dis- 
tinguished persons thus elected all were from 
foreign countries, but at that time Thom- 
son’s name was included in a list of 5 out- 
standing American engineers unanimously 
endorsed by the directors. 


THOMSON’S EARLY LIFE 


Elihu Thomson was born March 29, 
1853, at Manchester, England, to an Eng- 
lish mother and a Scotch father. The 
family came to the United States in 1858, 
settling in Philadelphia, Pa., where Doctor 
Thomson attended the public schools. 
Completing his preparatory education at 
the age of 11, he had to wait 2 years to meet 
the minimum age of 13 years required of high 
schoolentrants. During this 2-year period, 
with the encouragement of his parents, he de- 
voted himself to his experiments and his 
hobbies. He constructed a friction type of 
electric generator from a wine bottle, and 
built Leyden jars to be charged by his gen- 
erator; these and the other similar electri- 
cal apparatus of the time were followed by 
such things as batteries, and electromagnets 
and telegraph instruments in which the bare 
wire used for the windings was insulated by 
the laborious task of winding thread around 
it by hand. While still a child his interest 
in astronomy led him to construct his own 
telescope with the help of a friendly lens 
maker. In later life he continued the pur- 
suit of this hobby, building powerful tele- 
scopes himself and grinding his own lenses. 

After he graduated from Central High 
School early in 1870, he entered a laboratory 
as an analyst, but was appointed assistant 
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professor of chemistry in the high school 
later in the same year. In 1876, at the age 
of 23, he was appointed professor of chemis- 
try in the same school, but he had become 
deeply interested in the applications of elec- 
tricity, and in 1880 resigned to devote his 
entire time to electrical research and devel- 
opment. He always had been fascinated by 
physical and chemical studies, and especi- 
ally by electricity. 

Possessed of a natural knack for con- 
struction and the use of tools, he gave what 
time he could spare from other duties to 
making such apparatus as he needed. In 
this way, before the age of 20, he had built 
induction coils, electromagnets, cameras, 
chemical balances, and many other devices. 
In his early twenties he constructed numer- 
ous pieces of scientific apparatus for demon- 
stration and laboratory use, including a 
compound microscope; also numerous elec- 
trical machines and a pipe organ with elec- 
trical action for which he made the pipes, 
windchest, bellows, keyboard, and all other 
parts. 


INDUSTRIAL DEVELOPMENT 


When Doctor Thomson resigned his 
professorship at Central High School in 
1880, he took charge of the commercial 
development of an arc-lighting system for 
the American Electric Company, a small 
firm that had been started in Philadelphia 
in 1879. At the same time E. J. Houston, 
his colleague at the high school and later a 
president of the Institute, resigned his 
teaching position and joined him in the 
business. Later in the same year the 
company moved to New Britain, Conn. 
E. W. Rice, Jr., subsequently a president 
of the Institute and president of the General 
Electric Company, accompanied Thomson 
as an assistant. In 1883 the modest estab- 
lishment at New Britain was moved to 
Lynn, Mass., a “‘Lynn Syndicate,’’ as it was 
called by Thomson and his associates, 
having bought control of the American 
Electric Company. At Lynn the name of 
the company was changed to the Thomson- 
Houston Company, and during these 
pioneer years Doctor Thomson was “‘electri- 
cian” and chief engineer, and many of the 
fundamentally important inventions upon 
which the business was established and 
grew were his. He shunned administra- 
tive duties, and the commercial destiny of 
the company was largely in the hands of 
Charles A. Coffin. 

In 1892, the Thomson-Houston Electric 
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Company and the Edison General Electric 
Company were merged to form the General 
Electric Company. Thomson remained as 
consulting engineer and director of the 
Thomson Research Laboratories at Lynn. 
By his own choice he devoted his time and 
efforts to research and development rather 
than to administrative work. Charles A. 
Coffin became the first president of the new 
and rapidly expanding company. 


Honors CONFERRED ON THOMSON 


_ Elihu Thomson probably was the most 
honored scientist in America. He was 
acclaimed by several colleges and universi- 
ties, receiving the honorary degrees of 
master of arts (1890) from Yale University, 
doctor of philosophy (1894) from Tufts 
College, doctor of science from Harvard 
University (1909) and the University of 
Manchester (England) (1924), and doctor 
of laws from the University of Pennsylvania 
(1924). He was awarded many prizes, 
medals, and decorations, and had the 
distinction of being the only man to receive 
all 3 of the most important scientific medals 
of Great Britain: the Hughes Medal of 
the Royal Society, the Kelvin Medal, and 
the Faraday Medal of the Institution of 


Electrical Engineers. The Royal Institu- 
tion of Great Britain elected Thomson an 
honorary member, the highest scientific 
honor that Englishmen can confer upon a 
foreigner. The complete list of awards, 
decorations, and medals received by him is 
impressive: 


1. John Scott Legacy Medal, for electric welding, 
1888 


2. Grand Prix, Paris Exposition, 1889 


3. Appointed officer et chevalier of the Legion 
D’Honneur, 1889 


4. Certificate of award of gold medal, Columbian 
Exposition, 1893; no medal was received 


5. First prize, Trans-Mississippi and International 
Exposition, Omaha, Nebr., 1898 


6. Grand Prix, Paris Exposition, 1900 


7. Rumford Medal, for electric welding and light- 
ing, 1901 


8. John Scott Legacy Medal, for constant-current 
transformer, 1901 


9. Grand Prize, Louisiana Purchase Exposition, 
St. Louis, Mo., 1904 


10. First Edison Medal of the AIEE, 1909 


11. Elliott Cresson Medal of the Franklin Insti- 
tute, 1912 


12. John Fritz Medal, 1916 


13. Hughes Medal of the Royal Society, London, 
England, 1916 


14. Kelvin Medal, 1924 


15. Franklin Medal, of the Franklin Institute, 
1924 


16. Faraday Medal, 
Engineers, 1927 


Institution of Electrical 


17. Medal of the Verein Deutscher Ingenieure, 
1935 


In 1925 Thomson was designated as 
“father of protective grounding’ by a 
resolution adopted by the Western Associa- 
tion of Electrical Inspectors. He was one 
of 6 official United States delegates to the 
chamber of delegates of the electrical con- 
gress in Chicago in 1893; president of the 
International Electrical Congress in St. 
Louis in 1904; a member of the World 
Engineering Congress at Tokyo, Japan, in 
1929; and a United States delegate to the 
International Electrical Congress at Paris, 
France, in 1932. Many technical and 
scientific organizations including the Insti- 
tute, had conferred honorary membership 
upon Doctor Thomson. These were: 


1. Franklin Institute 


2. Institution of Civil Engineers (Great Britain) 


3. Institution of Electrical Engineers (Great Bri- 
tain) 


4. Royal Institution (Great Britain) 


A photograph showing Doctor Thomson on his eightieth birthday, reading some of the many congratulatory letters 


that came to him from all parts of the world on that occasion 
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5. 


In Memoriam 
ELIHU THOMSON 


R. ELIHU THOMSON, a charter 

member, the fifth president, and 
an honorary member of the American 
Institute of Electrical Engineers, died 
at his home in Swampscott, Mass., 
on March 13, 1937, about two weeks 
before his eighty-fourth birthday. 


Beginning his electrical experi- 
ments at the age of eleven, when he 
had completed his preparation for 
high school but found it necessary to 
wait two years to meet the minimum 
age requirement for entrance, he built 
and operated several types of equip- 
ment, and quickly demonstrated his 
ability in fundamental science and 
also his remarkable inventive genius. 
After graduating from the Central 
High School in Philadelphia and teach- 
ing chemistry and mechanics in that 
school during the next ten years, he 
resigned in 1880 to devote his entire 
time to electrical research. 


The American Electric Company 
which he joined soon became the 
Thomson-Houston Company and the 
latter merged, in 1892, with the Edison 
General Electric Company to form 
the General Electric Company, with 
which Dr. Thomson was connected 
until his death. 


His more than 700 inventions in- 
cluded many of outstanding impor- 
tance which added materially to scien- 
tific knowledge and laid the founda- 
tion for many significant develop- 
ments in the electrical industry. The 
combination of marked scientific abil- 
ity, broad vision, sound judgment and 
pleasing personality gave him a posi- 
tion of outstanding leadership through- 
out his long career. 


He received the first Edison Medal 
awarded by the Institute, and received 
many of the most notable medals in. 
the world, having been the only man 
to receive all three of England’s high- 
est scientific honors, the Hughes, Kel- 
vin, and Faraday medals. He re- 
ceived several high honorary degrees, 
including Ph.D. ScD., and LLD. He 
was elected an Honorary Member by 
the AIEE and several other socie- 
ties, and received other high honors in 
the United States and abroad. 


Entering the Institute as a charter 
member, he immediately became ac- 
tive in its affairs, and was a vice- 
president 1887—89, and president 1889— 
90. He also rendered valuable ser- 
vices to the Institute as member of 
various important committees and as 
its representative in joint activities. 
He was transferred to the grade of 
Member in 1891 and to the grade of 
Fellow in 1913. He was elected an 
Honorary Member in 1928. 


RESOLVED: That the Executive 
Committee of the American Institute 
of Electrical Engineers, upon behalf 
of the Board of Directors and the 
membership, hereby expresses its keen 
regret at the death of Doctor Thomson, 
and its deepest appreciation of his 
many outstanding contributions to 
electrical engineering progress, and 
be it further 


RESOLVED: That these resolu- 
tions be entered in the minutes and 
transmitted to his family. 


—AIEE Executive Committee, March 
25, 1937. 


AJumni Association of Massachusetts Institute 


of Technology 


6. 
Ue 


American Electrotherapeutic Association 
American Welding Society 
American Society of Mechanical Engineers 
Illuminating Engineering Society 

New York Electrical Society 

Engineers’ Club, New York, N. Y. 

Western Association of Electrical Inspectors 
New England Roentgen Ray Society 


American Institute of Electrical Engineers 


OUTSTANDING ACCOMPLISHMENTS 


Perhaps the first great contribution to 


electrical engineering made by Elihu 
Thomson was his invention, in about 1879, 
of the 3-coil dynamo with its automatic 
regulator and other novel features, which 
formed the basis of the first commercially 
successful lighting system. This was manu- 
factured by the Thomson-Houston Com- 
pany in the early 1880’s and quickly found 
its place not only in the United States, but 
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also in several European countries. The 
machine was entirely automatic in its 
operation, and was so adjusted that it could 
maintain constant regulation of a system of 
many electric arcs, regardless of the number 
of arcs that might be turned on or off. The 
need for such a regulator and its general 
nature were suggested to him by his earliest 
serious electrical studies, which concerned 
the relations between the voltage and 
current in an electric arc, and which led 
him to the discovery that as the current 
increases the voltage decreases. This re- 
lation accounted for the instability of the 
arc and indicated what characteristics 
the dynamo should have. This 3-coil 
dynamo was a d-c machine, for at that time 
direct current was more easily handled than 
was alternating current, and had certain 
advantages for arc-lighting purposes. The 
same machine, however, with different 
connections, constitutes the 3-phase genera- 
tor that is so important in present electric 
power installations, and was so represented 
by Thomson in his original patent applica- 
tion. 
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While he was working on his arc-lighting 
system, Thomson heard that Edison was 
tinkering with an incandescent lamp. 
Accordingly he went to Menlo Park to 
discuss the matter with Edison, who gave 
him a model of the lamp. This model 
subsequently was dissected by Thomson 
and Houston, with the decision that it never 
would amount to anything. 


LIGHTNING PROTECTION— 
MAGNETIC BLOWOUT 


About 2 years later, in 1881, he invented 
another important electrical device: the 
magnetically operated lightning arrester. 
Although this arrester was created for the 
particular purpose of protecting his arc- 
light systems from lightning, it was the 
invention of a fundamental method of 
breaking electrical circuits that has found 
numerous applications, one of the most 
important of which was by Doctor Thomson 
himself in control contactors for electric 
cars and trains. The device consisted of 
an insulator so placed between the poles of 
a magnet, and the whole so arranged with 
respect to the contacts or electrodes, that 
any arc forming was forced by the magnetic 
field to elongate itself to the breaking 
point, thus quickly and effectively inter- 
rupting the circuit. This principle is of as 
much importance today as it was then, for 
it is the foundation of several modern 
systems of switching large currents. 


POWER TRANSMISSION 


In those very early days of electrical 
engineering, long before the importance of 
electric power transmission and distribution 
was realized generally, Thomson devised the 
now commonly used method of transmitting 
electrical energy, stepping it down from 
high voltage with the aid of a local trans- 
former for local consumption. This was 
set up as a working model for demonstration 
at the Franklin Institute in Philadelphia in 
1879. A patent was applied for in 1885, and 
after a strenuous period in the patent office 
a fundamental patent for multiple-are 
distribution systems with transformers was 
granted in 1902. During this same time 
Thomson developed and patented the 
procedure of grounding the secondary of the 
transformer as an additional safety measure 
for high-voltage operation. A notable 
characteristic of Doctor Thomson is indi- 
cated by his advice to the General Electric 
Company that this patent should be dedi- 


Future AIEE Meetings 


North Eastern District Meeting 
Buffalo, N. Y., May 5-7, 1937 


Summer Convention 
Milwaukee, Wis., June 21-25, 1937 


Pacific Coast Convention 
Spokane, Wash., Aug. 30-Sept. 3, 
1937 


Middle Eastern District Meeting 
Akron, Ohio, Fall 1937 
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cated to the public, because no patent or 
invention dealing with public safety should 
be restricted or made unavailable for general 
use. 


DEVELOPMENTS ON THE TRANSFORMER 


In the further development of a-c ma- 
chinery, he invented the constant-current 
transformer and the induction regulator, in 
which a movable secondary or primary coil 
could be adjusted automatically to give 
-constant-current output. For the purpose 
of increasing the power capacity of trans- 

- formers, he proposed in 1887-89 the use of 
oil for cooling and for insulation purposes, 
and further called attention to the deleteri- 

—ous effect of moisture in the oil. 


RESISTANCE WELDING—-REPULSION MoTor 


One of the most important of Thomson’s 
contributions to industry was his discovery 


experiments. 


of the principles and development of the 
resistance process of electric welding, 
whereby the welded surfaces were fused and 
united by the heat produced by the resist- 
ance in the contact between them. Al- 
though Elihu Thomson was not the first 
to utilize the electric are in welding, the 
fundamental Demeritens patent was bought 
by the Thomson Electric Welding Company 
on Thomson’s advice and, had are welding 
developed within the life of the patent, 
that company would have controlled the 
arc- as well as the resistance-welding art. 
Another of Thomson’s most fundamental 
discoveries was the principle of dynamic 
repulsion between a primary and a second- 
ary coil, which he demonstrated by simple 
A vertical iron core was 
wound with a coil through which an alter- 
nating current could be passed. The core 
projected above the coil into a jar of water. 
Fitting loosely around the core was a second 
small coil, free to slip up and down the core 


in the water, and supporting by its terminals 
an incandescent lamp. When an alter- 
nating current was sent through the primary 
coil, a current was induced in the movable 
secondary coil, which lighted the lamp and 
at the same time raised the coil against 
the force of gravity high up in the jar of 
water. This scientific observation sub- 
sequently was developed by Thomson into 
an a-c repulsion motor. 


Merters—HiGH-FREQUENCY APPARATUS 


During the years 1885-95 Doctor Thom- 
son was busily engaged in the development 
of electric meters, especially recording 
wattmeters. For his wattmeter he was 
awarded the Grand Prix of the Paris 
Exposition at a competition held after the 
exposition in 1889. 

As early as 1890, and continuing inten- 
sively for several years thereafter, he con- 
ducted a series of experiments on high- 


A collection of the medals and decorations conferred upon Elihu Thomson 


Top row (left to right): John Scott Legacy Medal, for constant-current transformer, 1901; Franklin Medal, of the Franklin 
Institute, 1924; Faraday Medal, Institution of Electrical Engineers, 1927; John Fritz Medal, 1916; and John Scott Legacy 


Medal, for electric welding, 1888 


Middle row (left to right): Grand Prix, Paris Exposition, 1900; Elliott Cresson Medal of the Franklin Institute, 1912; Kelvin 
Medal, 1924; Hughes Medal of the Royal Society, London, England, 1916; and Grand Prix, Paris Exposition, 1889 


Bottom row (left to right): First Prize, Trans-Mississippi Exposition, Omaha, Nebr. 1898; Edison Medal, 1909: Legion 
D’Honneur, officier et chevalier, 1889; Rumford Medal, for electric welding and lighting, 1901; and Grand Prize, Louisiana 


Purchase Exposition, 1904 


A gold medal was awarded to Doctor Thomson at the Columbian Exposition, in 1893, by certificate of award, but no medal 
was received; he also received in 1935 the medal of the Verein Deutscher Ingenieure, which is not shown here 
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frequency alternating currents, building 
the foundation for many of the develop- 
ments in radio and other high-frequency 
applications in use today. He constructed 
one of the first high-frequency dynamos, if 
not the first; a machine operating at 
frequencies of from 380 to 40 times as great 
as any previously built. In conjunction, he 
designed some of the earliest high-frequency 
transformers. While Thomson was work- 
ing in this field he discovered a method of 
producing alternating currents of still 
higher frequencies from a d-c arc by shunting 
the are with inductance and capacitance. 
This interesting method of producing 
alternating currents later was applied to 
radiotelegraphy by Poulsen, and therefore 
is generally known as the Poulsen arc. 
Thomson also discovered that the insulating 
power of oils at these high frequencies is 
much greater than at ordinary commercial 
frequencies, if the insulating power is 
measured in terms of the path through which 
the arc passes. 

Incidentally, Thomson is credited with 
having discovered the principle of the 
tuned electric circuit, and with having been 
the first to use the method in electrical 
communication. This was done very early 
in his career, while he was still a professor at 
Central High School, in performing some 
experiments in wireless signaling that pre- 
ceded the famous experiments of Hertz by 
about 12 years. 

Immediately following the announcement 
of the discovery of Roentgen rays, Doctor 
Thomson began a series of experiments and 
developments in connection with X rays. 
The foundation for this work had been laid 
by his previous experiments on electrical 
discharges through gases at low pressures, 
and led to the first application of stereo- 
scopic methods in X-ray technology only 
one year after Roentgen rays themselves 
had been announced. This work led to 
various practical improvements in the 
design of X-ray tubes. Thomson also 
took an interest in the physiological effects 
of X rays. 

Elihu Thomson also was active outside 
the domains of electricalresearch. Working 
with Houston, while they were at Central 
High School, he perfected his centrifugal 
machine for the separation of liquids of 
different densities, the forerunner of the 
widely used cream separator and the labora- 
tory and commercial centrifuge. He also 
devised the fluid-pressure engine and the 
fused-quartz mirror for astronomical tele- 
scopes. In his own name he held more 
than 700 American patents. 


THOMSON THE MAN 


In his private life as a citizen, as well as an 
inventor, Elihu Thomson endeared himself 
to his neighbors and his fellow workmen and 
always was considered to be a wise counselor 
in civic affairs. Even outside his labora- 
tories he was always engaged in some 
research project as a hobby. A lifetime 
hobby was astronomy, in which he was 
active as an amateur from an early age. 
He also was interested in microscopes, 
color photography, and in building and 
playing pipe organs. He had a host of 
friends, not only in the United States, but 
also in Europe. 

His aspect of life is characterized by his 
own words “‘No greater joy has come to me 
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than the joy of accomplishment. Then too, 
I have had the satisfaction of aiding in 
giving employment to large numbers of 
intelligent men and women.” 

Doctor Thomson was a member of many 
organizations in addition to those that had 
awarded him honorary memberships, in- 
cluding: 

1, American Academy of Arts and Sciences 
(fellow and member of the Rumford committee) 


2. American Association for the Advancement of 
Science (fellow) 


3. American Astronomical Society (member) 
American Chemical Society (life member) 
American Electrochemical Society (member) 
American Mathematical Society (member) 


American Optical Society (member) 


eo GS 


. American Philosophical Society (fellow and 
past-president; also a past member of the council) 


9. American Physical Society (fellow and life 
member) 


10. Pi Gamma Mu, national science honorary 
society (life member) 


11. British Association for the Advancement of 
Science (life member) 


12. Engineers’ Club of London, England 
13. Société Francaise des Electriciens (member) 


14. Commercial and Merchants Club of Boston, 
Mass. (member and past-president) 


15. Engineers’ Club of Boston (life member) 


16. Boston Press Club (life member) 


and 22 other societies and clubs of local, 
national, and international character. 

Doctor Thomson was particularly inter- 
ested in educational work. His vast store 
of experience and knowledge always was 
at the disposal of his younger, less experi- 
enced associates, among whom he was noted 
for his ability to explain the most abstruse 
subjects in simple, understandable language. 
He was affectionately known to them as 
“the Professor,’’ a simple ‘‘friendly”’ title 
that he strongly preferred in spite of his 
many degrees. He was a life member of the 
Corporation of Massachusetts Institute of 
Technology, a member of the executive 
committee of the corporation, and twice 
served as its acting president. 

For many of its most fundamental con- 
tributions—technical, ethical, and humanis- 
tic—the profession of electrical engineering 
is indebted to Elihu Thomson. 


THOMSON AS SEEN 
By Some INSTITUTE LEADERS 


Arthur E. Kennelly, president 1898-1900— 
I had the privilege of knowing the late 
Professor Thomson for many years. He 
was endowed with great abilities as an 
engineer, inventor, researcher, and teacher. 
His special fields of work were in applied 
physics, chemistry, and mechanics. He 
was a pioneer in electric power transmission 
and distribution, as well as in electric 
welding, an art which he founded and highly 
developed. He was an excellent designer 
and constructor of electric machinery and 
apparatus. Many of the machines and 
instruments used in the early days of the 
electric power industry were constructed 
under his design and superintendence. At 
one time he constructed a 25-centimeter 
telescope, lenses and all, with his own hands. 
He introduced and developed the existing 
prevalent types of electric motor-driven 
energy meters, registering in kilowatt- 
hours. 
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He was a tireless scientific worker from 
early boyhood. At 17 years of age he was 
assistant professor of chemistry and at 22 
was professor of chemistry in the Central 
High School of Philadelphia, where, in his 
leisure time, he made important inventions 
in electric power transmission. 

He never allowed any of his time to be 
wasted. His was a kindly, engaging, and 
stimulating, personality. As a leader in 
electrical engineering he was admired and 
esteemed by thousands. 


Charles F. Scott, president 1902-03— 
As I recall Professor Thomson, several 
specific incidents come to mind, trivial 
perhaps, but characteristic. 

One afternoon some 12 or 13 years ago 
we had been in conference in Boston on 
some committee matter and found ourselves 
with a couple of hourstospare. Westrolled 
about the city as he led the way to some 
particular photographic shops, in his search 
for films for color photography in which he 
took great interest. I was never more 
impressed with the great simplicity and 
ease of his manner and conversation. 

To me, Professor Thomson always was a 
great electrical pioneer. Later I had met 
him, principally in AIEE activities. But, in 
strolling with him through the streets of 
Boston, I realized that my once mystical 
hero was very human; in simple companion- 
ship, he even insisted on accompanying me 
to my place of departure. 

On the occasion of the celebration of his 
eightieth anniversary held in 1933 at 
Massachusetts Institute of Technology, I 
asked him what it was at the centennial 
exposition in Philadelphia in 1876 that 
aroused his interest in electricity. Immedi- 
ately a smile came over his face and with a 
twinkle in his eye he said, “I will tell you. 
There was a Gramme dynamo there from 
France which operated one arc lamp, and 
there was another dynamo for electro- 
plating, and another which lighted the 
lamp on the top of the building.” This 
memory meant a great deal to him as it 
later on shaped his whole career. 

He told me also an interesting incident 
“The Rhumkorff coil uses a low-voltage. 
current for producing a very high voltage. 
I wondered if the process could be reversed 
and the high voltage current in the fine 
winding would produce a current in the 
heavy winding. I was fearful of the results” 
and put off the experiments until I had a 
coil of my own. I placed the ends of the 
heavy terminals close together and observed 
carefully when the Leyden jars were dis- 
charged through the fine wire coil. There 
was a flash and when I attempted to sepa- 
rate the terminals I found them solidly 
welded together. That was the beginning 
of my work in electric welding.” 

His curiosity, his readiness to experiment, 
his observation, and his practical deductions 
from his experiments were the beginning of 
a new art. 

And it seems to me that these qualities 
of simplicity and modesty, and his following — 
along the lines prompted by his curiosity 
and interest, indicate qualities which were 
inherent in the man and have influenced 
his whole career. 


Dugald C. Jackson, president 1910-11— 


Elihu Thomson was great as an engineer, as 
a scientist, and as a citizen; and in each 
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category he has received deservedly high 
recognition. I first met him when he was 
35 years old and I was 21, and the impression 
of his fascinating enthusiasm for the 
development of electrical engineering and 
his fertile approach to difficult problems of 
experimental science has never left me. 
It has seemed to me that those qualities in 
Thomson have equally stirred others and 
led to the wish to honor him that has been 
displayed internationally. 

Being, by intellectual nature, a great 
inventor, Thomson directed his qualities 
into human service, and the world is 


— indebted extraordinarily to him for his 


— 


productions. At least one of his original 
inventions, electric welding, has become a 
_ great industry of itself as well as contribut- 
ing advantages to many industries. Numer- 
ous others of his productions have widely 
influenced industry and contributed to 
human comfort. The death of Thomson 
takes a great man from electrical engineer- 
ing and a great citizen from the nation. 


Gano Dunn, president 1911-12—Elihu 
Thomson’s magnificent scientific and engi- 
neering accomplishments have made history. 
To me his personal influences was as great as 


Elihu Thomson in his laboratory, studying the heavens through his telescope. 
was his life-long hobby 
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his intellectual influence. He always had 
in mind the inventor, the engineer, the 
student, as well as the invention, the design 
and the study. This will forever cause him 
to be rated as one of our greatest teachers 
as well as one of our greatest engineers and 
scientists. 

It was to him I early owed recognition 
that all engineering, notwithstanding its 
tremendous economic involvements, rests 
inseparably upon science. His lectures 
and papers were marvels of exposition. A 
talk with Elihu Thomson invariably stimu- 
lated thought and fired ambition. 

His methods of work and qualities of 
character formed the careers and won the 
undying affection of large numbers of the 
generation of engineers who now mourn his 
loss. 


Frank B. Jewett, president 1922—-23— 
Appraisal of Elihu Thomson and his contri- 
butions to the advancement of electrical 
engineering in the light and power field can 
best be made by those who were his close 
associates in the many sectors of it which 
were enriched by his scholarly mind. 
Outside the field of our common interest 
in the welfare of the American Institute of 


Astronomy 
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Electrical Engineers, in which our associa- 
tion commenced, my long and close friend- 
ship with Dr. Thomson has hardly been 
involved with things electrical. It has been 
concerned mainly with matters of general 
scientific interest and in the problems 
which came to us as fellow members of the 
Corporation of Massachusetts Institute of 
Technology. 

Above all other things, however, it has been 
as an esteemed friend that I have known, 
admired, and loved Doctor ‘Thomson. 
His versatile and cultured mind, his simpli- 
city, and his joy in the simple worth-while 
things of life, which did not diminish with 
the years, made him a friend to be cherished. 

Quite outside the boundaries of his 
professional life, his death will deprive the 
world of one of its choice spirits. 


H. P. Charlesworth, president 1932-33— 
Doctor Thomson’s investigations and inven- 
tions contributed enormously to the advance 
of all the engineering arts. However, his 
contributions went further than these 
individual activities. In addition to pub- 
lishing his results and methods, his enthu- 
siasm and technique were passed on to 
hundreds of engineers, first as a professor, 
later as a director of the laboratories which 
bear his name, and finally as a great leader 
in his profession. His fruitfulness was 
shared with others whom he had trained and 
inspired. His whole life was indeed in 
accord with and greatly contributed to the 
highest ideals of the engineering profession. 
It is not surprising, therefore, that his name 
is among the illustrious group who were the 
charter members of the American Institute 
of Electrical Engineers which ever is 
endeavoring to perpetuate these high ideals. 


A. M. MacCutcheon, president 1936-37— 
One of my greatest regrets is that I did not 
have the privilege of a close personal 
acquaintance with Doctor Elihu Thomson, 
but Iam fortunate in having met him. His 
writings have been an inspiration to me 
even as far back as my student days. 

His deductions, his inventions, and his 
achievements form a cornerstone in the 


theoretical structure which represents the 


engineering knowledge of our time. 

His modesty, his cheerful optimism, 
his breadth of vision, his clear thinking, 
and his indomitable spirit formed a pattern 
which all engineers may well emulate. 

He was a charter member of the American 
Institute of Electrical Engineers and its 
fifth president. We who have followed in 
his footsteps, looked upon him as an inspira- 
tion, a valued counselor, a guiding light. 


ELinv THOMSON AS SEEN 
By Some INDUSTRIAL ASSOCIATES 


Owen D. Young, chairman, General Elec- 
tric Company—Mr. Thomson was one of the 
few great pioneers in the electrical field who 
had the rare good fortune to see his vision 
become a reality and to receive the apprecia- 
tion of a justly grateful world for his con- 
tribution to the health and happiness of 
people everywhere. The General Electric 
Company was always proud of his intimate 
association with it. 


Willis R. Whitney, vice-president, General 
Electric Company—Professor Thomson was 
one of the leaders who helped in the estab- 
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lishment of the Northeastern Section of the 
American Chemical Society back in ’97 
or 798. We New England chemists knew 
him as an expert in our field, just as the 
electrical engineers recognized him as pre- 
eminent in their field, and the mechanical 
engineers as a leader in theirs. Astrono- 
mers also knew that he was of their group. 
He was an all-round scientist. 

When the General Electric Company 
offered me the research work at Schenec- 
tady, I was in doubt as to my fitness and as 
to the quality of the opportunity until I 
hurriedly consulted “the Professor.” He 
was very kind, as always, and was quite 
clear that the opportunity offered me was 
a great one. So I owe a large part of the 
satisfactions I have enjoyed during the past 
36 years to Professor Thomson’s kindly 
interest. Through those years my admira- 
tion and affection for him steadily increased, 
and in his death I feel a great personal loss. 


Gerard Swope, president, General Electric 
Company—Since the very beginning, Pro- 
fessor Thomson was associated with the 
General Electric Company and its predeces- 
sor bearing his name, the Thomson-Hous- 
ton Company. His accomplishments for 
these companies and many others through- 
out the world bearing his name and for the 
entire electrical industry were many and 
conspicuous. 

His interest in research, his enthusiasm 
for new ideas, and the advancement of 
young engineers continued almost to the 
day of his passing. His memory will long 
be cherished by those who knew him, and 
he leaves a fine tradition and inspiration 
for those who follow him. 


William D. Coolidge, director, General Elec- 
tric Research Laboratory—In the death of 
Professor Thomson, the General Electric 
Company has suffered a great loss. Its 
earliest products were for the most part the 
offspring of his brain. Great in engineering 
and invention, he played a most important 
réle in the early.development of the electrical 
art. He was a pioneer in arc lighting, was 
the father of electric welding, devised the 
first commercial recording wattmeter, and 
produced by the score the various devices 
needed for making electric generation and 
distribution reliable and safe. 

He was a true scientist, and by example 
and precept established the tradition of 
scientific research in the General Electric 
Company. When the research laboratory 
of the company was founded, he served on 
its advisory council, and, by his experience, 
wisdom, and fertility in ideas, was of great 
help to the laboratory in its early years, 

His breadth of knowledge, mental alert- 
ness, and originality made association with 
him delightful and stimulating, while his 
kindliness and simple sincerity won the 
affection of all who knew him. I was privi- 
leged to know him well, and I feel the loss of 
a great and good friend. 


Karl T. Compton, president, Massachusetts 
Institute of Technology—In his own char- 
acter and in his great achievements he 
was one of the truly great men of his cen- 
tury. In all the years of his interest in the 
Institute [MIT], he displayed a loyal and 
active faith in the social values of tech- 
nological education. 

Professor Thomson’s loss to this institu- 
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tion and all others would be irreparable were 
it not for the fact that his nobility of 
character will remain as a lasting inspira- 
tion, and his scientific achievements will 
continue permanently to confer immeasur- 
able benefits to the world. 


Lightning Reference Book 
To Be Issued Soon 


Culminating more than 2 years of work 
carried on by the lightning and insulator 
subcommittee of the AIEE power trans- 
mission and distribution committee, the 
AIEFE Lightning Reference Book is sched- 
uled to be issued in July. 

Lightning and its effect upon electric 
power systems and apparatus have been 
under investigation for more than 20 years 
during which many articles of interest and 
value have been published in the technical 
literature. Heretofore this extensive litera- 
ture has been available principally only 
through library research. Now, recogniz- 
ing the value of a conveniently bound 
volume containing the full reproductions of 
texts, illustrations, and tabulations of all 
important material that has been published 
on the subject of lightning, the subcommit- 
tee has completed the selection of just such 
material for just such a handy reference 
volume. 

The Lightning Reference Book will be 
about the size of the current annual volumes 
of AIEE TRANSACTIONS and similarly bound 
in durable green cloth. It will contain some 


1,550 pages, 81/, by 11 inches in size, in 
which will be reproduced in full some 230 
technical papers and articles selected by the 
subcommittee from the technical press of the 
past 18 years for their important and prac- 
tical utility to all those in any way interested 
in the study of, or the protection against, 
lightning 
_A comprehensive subject and author in- 
dex will facilitate the ready reference use of 
the volume and, for those who may wish to 
carry their pursuit further, 200 additional 
technical papers and articles of a supple- 
mental nature not included in the volume 
will be fully covered in the indexes. 
The announced price of the Lightning 
Reference Book is $6.00 to members and 
$7.50 to nonmembers, plus postage in either 
case (10 pounds shipping weight). 


ADVANCE ORDERS REQUIRED 


A limited edition only will be issued. The 
actual number of volumes to be published 
will be governed by the number of advance 
orders on file at AIEE headquarters, 33 
West 39th Street, New York, N. Y. by 
May 15, 1937 (with reasonable allowance 
for overseas mail). 

The several hundred advance orders that 
have been on file the past year have made 
possible the prosecution of this project to 
successful conclusion with publication now 
imminent. All persons wishing to increase 
standing orders, or to place orders, must do 
so immediately to be assured of receiving the 
volume. 

Further details and a convenient order 
coupon are given on page 4 of the adver- 
tising section of this issue. 


Membership— 


Mr. Institute Member: 


neers? 
don’t you agree? 


eligible for membership. 


Have you finished reading that recently distributed pamphlet 
entitled “Membership in the American Institute of Electrical Engi- 
It does a fine job of sketching the activities of the Institute— 


Please do not forget to pass it along to some non-member who is 
Also, if you can interest him in becoming 


a member, recommend him by using the stamped and addressed card 


furnished with the pamphlet. 


and necessary information promptly. 
Your Membership Committee thanks you sincerely for the very good 


co-operation you have given it throughout the year. 
continuous service, we shall surely reach our goal of twenty-five 
per cent more applications than last year. 


b a2. gl 


He will receive application blanks 


With your 


Chairman 
National Membership Committee 
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Huntley stations of the Buffalo General Electric Company 


North Eastern District Meeting 
and Student Branch Convention 


Tue annual meeting of the North 
- Eastern District of the AIEE and stu- 
dent Branch convention will be held in 
Buffalo, N. Y., from Wednesday to Friday, 
May 5-7, 1937. The meeting headquarters 
will be in the Hotel Statler. Buffalo ‘‘the 
gateway to the west”’ with its many diversi- 
fied industries makes an ideal convention 
city and the local committee has taken full 
advantage of the situation and arranged a 
very attractive program. Thus there is a 
trip to the new $22,000,000 hot and cold 
strip mill of the Bethlehem Steel Company, 
Huntley stations 1 and 2, some of the hydro- 
- electric stations at Niagara Falls, the Ford 
Motor Company’s plant, and several of 
the other industries, not to mention a very 


Registration will take place in the Hotel 
Statler from 9:00 a.m., Wednesday, May 5. 


TECHNICAL SESSIONS 


The opening session will consist of an 
address of welcome by A. C. Stevens, Insti- 
tute vice-president for the North Eastern 
District, which will be followed by a series 
of papers of outstanding interest to all who 
are connected with the central station 
industry. These papers include the latest 
information in the field of lightning investi- 
gations on transmission lines, the applica- 
tion of automatic oscillography, operating 
performance, research, and testing. 

On Thursday, May 6, a general session 


Table I—Hotel Rates 


Single Double 
Room Without With Without With 
Hotel and Location Capacity Bath Bath Bath Bath Twin 
Arlington, 136 Exchange... 150..$1.50......... $2.00 up....$2.50 up....... $3.50 up...... $4.00 up 
Buffalo, Swan and Wash- 

IS EOIN Na tolenae sis: pas ase sak B50 ere ern eas BOOED nants comms. there nite eas 4.00 up...... 4.50 up 
Fairfax, 715 Delaware..... AQO'K cine chawteudenlerars DESOUIP Bera teeeeatito asi siixe 4.50 up 5.50 up 
Rilimore, 207 Delaware... © O04. ones oe ene Per OVAD file sisal alatans auawla sae SOONG canna 3.50 u 
Ford, Delaware and Cary.. 750.. 1.50 up...... OO MUD eases OOM Dn alene res 3.00 to 4.00.. 3.25 to 4.00 
Graystone, Johnson Park.. 150.. 1.50 up...... ZO0N Ep Wey 2 eOUNID nn arisen SHOO Ups en o-O0N UD) 
Lafayette, Lafayette 

NORENR wir a chee ee ee mee OD Oreck Are tetetenens faxsteeyisbs POON AL DA ha ah ors eh die henteiesireater ws 4 50D. uans 4.50 up 
Lenox, 140 North St....... DOOM estes Mae char PROLOG yoda se encthec ss cen cabo 0 oc SrOOLUD renee 4.00 up 
Men’s, Genesee and Pearl.. 283.. 0.75 to1.25............. 1.50 & 2.00..(Master bathroom on each 

floor) 
ptatier, Niagara Square.....1,100. 0.5.0.6 6.02 0. SIOONUP eat ave mere ates 500s paereiae 6.00 up 
Stuyvesant, 245 Elmwood.. 450............... PHU Loanhead yceho bc ounopea 3.00 panei 4.00 up 
Touraine, Delaware....... SOOT Aeon PRON ACh 05 pemMOROO N55 450 50 BuO OMED arervetere 4.50 up 
sharing bath 
IWEStbDrOOk, cic bse ce cee Bars rehsen carta omar 2VSO MUP svat acacia csi aretere sige A: OOM serps 6.00 up 


twin 3-room 
suite 


attractive trip for the ladies, including the 
marvelous spectacle of Niagara and its color 
illumination. Entertainment has been ar- 
ranged for the evenings and men prominent 
in Institute affairs are on the program. 
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will be held at 9:30 a.m. which will be 
opened with a greeting by President 
MacCutcheon. This session will feature 
conductor vibration studies illustrated by 
motion pictures, surveying telephone service 


News 


requirements, and design trends in steel mill 
electrification. In the afternoon the elec- 
trical features of the new Bethlehem 72-inch 
strip mill will be described by F. D. Egan 
and his talk will be followed by a trip to 
the plant. On Thursday morning a student 
technical session will be held at which 
papers will be presented by the students. 


ENTERTAINMENT 


On Wednesday evening a talk and demon- 
stration on “Fiber Glass’’ will be given by 
L. W. W. Morrow, general manager of the 
fiber glass department of the Corning Glass 
Works. All who know Mr. Morrow and 
his ability to give an interesting talk will 
look forward to a very enjoyable evening. 
On Thursday evening directly following the 
informal dinner another very instructive, 
interesting talk and demonstration will be 
given. The subject will be ‘““Kodachrome 
Colored Film’ by L. D. Mannes, co- 
inventor, of the Eastman Kodak Company. 
After the lectures dancing also may be 
enjoyed in the hotel. 


WOMEN’S ENTERTAINMENT 


In addition to the foregoing entertain- 
ment the following has been specially ar- 
ranged for the women guests of the Institute. 
Buffalo is a large, smartly metropolitan 
city, possessing beautiful parks and subur- 
ban areas. 


Wednesday, May 5 


A trip to the incomparable Niagara Falls. 
Leaving at 11:00 a.m., the party will cross the 
Peace Bridge and drive down the beautiful Cana- 
dian Boulevard. After luncheon, there will be an 
inspection trip of the Falls and the Niagara Rapids, 
followed by dinner in the modern General Brock 
Hotel, from the roof garden of which can be seen 
another interesting view of the cataract. At 
8: 00 p.m. the illumination takes place and to see 
the mighty waterfall in the play of clear and colored 
lights is a sight never to be forgotten. 


Thursday, May 6 


A luncheon at the Hotel Statler, followed by a 
fashion show presented by one of Buffalo’s smartest 
shops. 


INSPECTION TRIPS 


Buffalo and its environs have over 500 
diversified industries. The committee has 
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Program 
Daylight Saving Time 


For the papers that have been published in ELECTRICAL ENGINEERING 
reference to the issue and page is given. 


Wednesday, May, 5 
9:00 a.m.—Registration 


10:00 a.m.—Opening Session 


Address of Welcome, A. C. Stevens, vice-president, 
North Eastern District, AIEE. 


LIGHTNING CURRENTS IN 132-Kv Lings, Philip 
Sporn and I. W. Gross, American Gas & Electric 
Company. February, pages 245-52, 259-60 


PROBABLE OUTAGES OF SHIELDED TRANSMISSION 
Lings, S. K. Waldorf, Pennsylvania Water & 
Power Company. Scheduled for May issue 


SPECIAL USES FOR THE AUTOMATIC OSCILLOGRAPH, 
G. A. Powell and R. E. Walsh, New York Power & 
Light Corporation. April, pages 438-40, 476-7 


2:00 p.m.—General Session 


*THE OPERATING PERFORMANCE OF VARIOUS RELAY 
APPLICATIONS, George Steeb and L. J. Audlin, 
Buffalo, Niagara, and Eastern Power Corporation. 


*THe OPERATING PERFORMANCE OF HUNTLEY 
StBs4M STATION, J. M. Geiger (electrical) and 
Donald Scranton (mechanical), Buffalo General 
Electric Company. 

*RESEARCH AND TESTING IN A LARGE ELBCTRIC 
Utiity, (A) by W. F. Davidson, Brooklyn Edison 


Company, Inc., and (B) by W. P. Dobson, Hydro 
Electric Power Commission of Ontario. 


8:00 p.m.—Talk and Demonstration 


FrBer Grass, L. W. W. Morrow, Corning Glass 
Works. 


Thursday, May 6 


9:30 a.m.—General Session 
Greeting, A. M. MacCutcheon, president AIEE. 


*EXPERIMENTAL STUDY OF DANCING CABLES, D. C. 
Stewart, Buffalo, Niagara and Eastern Power Cor- 


poration. Illustrated by motion pictures of danc- 
ing when the cable was coated with water to simu- 
late an ice formation. 


*SURVEYING TELEPHONB SPRVICE REQUIREMENTS 
FOR LARGE Users, R. E. Corey, New York Tele- 
phone Company. 


*DESIGN TRENDS IN STEEL MILL ELECTRIFICATION, 
L. A. Umansky, General Electric Company. 


2:00 p.m.—Special Address 


ELECTRICAL APPLICATION—BETHLEHEM 72-INCH 
Strip MILL, F. D. Egan, Bethlehem Steel Company. 


3:00 p.m.—Inspection Trip 


Bethlehem Steel Company’s 72-inch new strip mill. 
Note: Number limited and women are excluded. 
Everyone must arrive by bus in the party and 
cameras are prohibited. Nominal charge for busses 
to and from the hotel. 


7:00 p.m.—Informal Dinner 


8:30 p.m.—Talk and Demonstration 


KopacHROME COLORED Fitm, L. D. Mannes, co- 
inventor, Eastman Kodak Company. 


Friday, May 7 


9:30 a.m.—Student Technical Session 


2:00 p.m.—Inspection Trip 


Huntley stations No. 1 and No. 2 of the Buffalo 
General Electric Company; number will be limited 
and a nominal charge will be made for busses to 
and from the hotel. 


* These papers are scheduled for presentation, but 
they have not been accepted for publication at the 
time of going to press. 


judiciously selected the following trips, some 


of which are optional in the short time 
available. 


1. Bethlehem Steel Company’s New $22,000,000 
Hot and Cold Strip Mill ; 


The number to be accommodated is of necessity 
limited and all people must arrive by bus with the 
party, which will not include any ladies. Anyone 
arriving by private car will not be admitted. The 
carrying of cameras or taking pictures is not per- 
mitted. Nominal charge for busses to and from 
the hotel. ; 


2. Huntley Stations No. 1 and No. 2 of the 
Buffalo General Electric Company 3 


The number is of necessity limited. Nominal 
charge for busses to and from the hotel. 


3. Other Trips of Interest. 


The number which can be accommodated ie | 
some of them is of necessity limited. 


A. Niagara Falls Power Company—(1) Adams” 
and Schoellkopf stations; (2) Harper and Gibson 
substations, 


B. Distribution system of Buffalo General Elec- 
tric Company (Network and Automatics). 

C. Local plants of New York Telephone Company. 

D. Variable-ratio frequency changer at Lockport, 
N.Yva 

E. Spaulding Fiber plant, Military Road. a 

F. Remington Rand plants. 

G. Albright Art Gallery. 

H. Ford Motor Company’s plant. 

I. Modern broadcasting. 

J. Museum of Science. 


Industrial plants near Buffalo include: 
Lapp Insulator Company at LeRoy, N. Y.—50 


miles 
Porcelain Insulator Company at Lima, N. Y.—64 

miles 
Corning Glass Company at Corning, N. Y.—125 © 

miles 


SPORTS 


Golfing in this region is not usually much 
of a sport until along about Decoration 
Day. However, weather permitting, the 
committee will be very glad to furnish the 
necessary cards so that anyone wishing to 
play can do so at any course in western — 
New York State. 


REGISTRATION 


Members who plan to attend the meeting © 
should register in advance by mail. Ad- 
vance registrations should be sent to George 
M. Pollard, chairman, registration com- 


ral anata ee 
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Harper substation of the Niagara Falls Power Company 
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mittee, Buffalo General Electric Company, 
39 East Genesee St., Buffalo, N. Y. 
_ Registrations should be completed on arrival 
at headquarters in the Hotel Statler. A 
registration fee of $2 will be charged all 
nonmembers except Enrolled Students and 
- the immediate families of members. 


HOTELS 


Members should make room reservations 
by writing directly to the hotel of their 
preference. For convenience the rates of 
the headquarters hotel, the Statler, as well 
as the rates of a number of the other hotels 
are listed in table I. 


RULES ON PRESENTING 
AND DISCUSSING PAPERS 


At the technical sessions, papers may be 
presented in abstract, 10 minutes being 
“allowed for each paper unless otherwise 
arranged or the presiding officer meets with 
the authors preceding the session to arrange 
the order of presentation and allotment of 
time for papers and discussion. 

Any member is free to discuss any paper 
when the meeting is thrown open for general 
discussion. Usually 5 minutes is allowed to 
each discusser for the discussion of a single 
paper or of several papers on the same 
general subject. When a member signifies 
his desire to discuss several papers not 
dealing with the same general subject, he 
may be permitted to have a somewhat longer 
time. 

It is preferable that a member who wishes 
to discuss a paper give his name in advance 
to the presiding officer of the session at 

_ which the paper is to be presented. Each 
discusser is to step to the front of the room 
and announce, so that all may hear, his 
name and professional affiliations. Three 
typewritten copies of discussion prepared 
in advance should be left with the presiding 
officer. 

Other discussions to be considered for 
publication should be typewritten (double 
spaced) and submitted in triplicate to C. 5. 
Rich, secretary of the technical program 
committee, AIEE headquarters, 33 West 
39th St., New York, N. Y., on or before 
May 21, 1937. Discussion of addresses and 
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Adams station of the Niagara Falls Power Company at Niagara Falls, N. Y. 


papers which is not for publication need not 
be submitted for consideration. 


COMMITTEES 


District Meeting Committee: A. C. Stevens, vice- 
president, North Eastern District, chairman; 
R. G. Lorraine, secretary-treasurer, North Eastern 
District, secretary; F. N. Tompkins, chairman, 
committee on student activities, North Eastern 
District; N. E. Brown, R. F. Chamberlain, C. L. 
Dawes, E. D. Lynch, K. B. McEachron, and J. L. 
Scanlon. 


General Committee: E. S. Bundy, chairman; 
T. J. Brosnan, R. T. Henry, Cromwell McIntosh, 
and H. M. Sharp. 


Program Committee: R. W. Graham, chairman; 
J. F. Oehler and T. O. Zittel. 

Registration Committee: G. M. Pollard, chairman; 
J. N. Ewart and J. M. Pfohl. 

Ladies Committee: Miss Laura Rischman, chair- 
man; Miss Muryle Baker, Miss Nora Haun, and 
Miss Maryon Ingham, 

Dinner Committee: D.C. West, chairman; E. A. 
Brown, H. L. Randall, and T. J. Woth. 

Inspection Committee: George Eighmy, chairman; 
C. H. Lockwood and H. L. Townend. 

Publicity Committee: N. A. Brown, chairman; 
A. D. Gibson and W. J. Thompson. 
Transportation: Clair Gaylord, chairman; 
Rahill and W. J. Schnautz. 

Printing: Melvin Brown, chairman; F. L. West 
and G. A. Zehr. 
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Canadian Engineers 
to Celebrate Semicentennial 


The Engineering Institute of Canada is 
planning to celebrate its fiftieth anniver- 
sary at a semicentennial meeting to be 
opened in Montreal on June 15, 1937. The 
organization, which was formed in 1889 as 
the Canadian Society of Civil Engineers, 
now embraces the professional interests of 
engineers of all branches. There are some 
4,500 members, including over 400 outside 
of Canada. 

It is desired that the anniversary meeting 
may be the means of bringing about closer 
acquaintances between engineers in the 
United States and Canada. The principal 
functions of the meeting are to be in the 
Windsor Hotel, June 15 to 17 inclusive. 


News 


Further information may be obtained from 
the headquarters of the organization at 2050 
Mansfield Street, Montreal. 


AIEE Summer Convention 
Features of General Interest 


Internationally known industrial plants 
in the Milwaukee metropolitan area will 
open their gates to convention visitors 
during the AIEE summer convention, to be 
held in Milwaukee, Wis., June 21-25, 1937, 
with headquarters in the Schroeder Hotel. 
Trips through a number of such plants are 
being arranged by the inspection trips com- 
mittee, of which S. H. Mortensen of Mil- 
waukee is chairman. 

Present plans call for the holding of 
technical sessions of the convention in the 
mornings, leaving the afternoons free for 
special inspection tours, sightseeing trips, 
and sports. The inspection trips are being 
planned with the view of providing inter- 
esting diversion as well as technical and 
scientific information. 


CONVENTION SESSIONS 


Tentative arrangements are being made 
to hold 10 technical sessions and 1 general 
session designed to interest a great many 
members. This session will be in 2 parts, 
which will not be in parallel with any of the 
other sessions, to permit general attendance. 
The first part will consist of an address by 
a prominent speaker, which will have to do 
with engineering and economics. The 
second part of the session will consist of a 
discussion of the topic ‘‘how can institute 
programs be made of greatest value to the 
membership.” The subject will be intro- 
duced by men invited to prepare brief state- 
ments by the special committee on Insti- 
tute activities. The 10 technical sessions 
are as follows: electrical machinery, power 
transmission, vibration and balance, educa- 
tion, instruments and measurements, pro- 
tective devices, general power applications 
(control), selected subjects, research, and 
production and application of light. The 
program will be further broadened by tech- 
nical conferences on other subjects which 
will be arranged later. 


INSPECTION TRIPS 


Among the large industrial firms with 
whom inspection visits have tentatively 
been arranged are the following: 


Allis-Chalmers Manufacturing Company; power, 
electrical, industrial, and agricultural equipment. 


A. O. Smith Corporation; automobile frames and 
parts, welded pipe, pressure vessels, glass-lined 
storage tanks, and steel barrels. 


Harnischfeger Corporation; large cranes, hoists, 
and excavators, and electric welders. 


Globe Union, Inc.; storage batteries, radios, and 
roller skates. 


Joseph Schlitz Brewing Company; beer. 


Milwaukee Electric Railway and Light Company; 
as announced in the February issue of ELBCTRICAL 
ENGINEERING, opportunity will also be provided for 
a trip through the new Port Washington power 
plant. This station holds the world record for 
economy of operation in steam generating stations, 
having generated 382,863,218 net kilowatt-hours 
in 1936, with an average coal consumption of 
10,954 Btu per kilowatt-hour. 
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National and District Prizes 


Available for Technical Papers 


Au members and Enrolled Students 
who have presented papers at Institute 
meetings, as stipulated and otherwise in 
accordance with the following ‘Conditions 
of Awards,” are eligible under rules adopted 
by the board of directors for one or more of 
the established national and District prizes. 

These rules have recently been revised 
by actions of the board of directors. A new 
prize in each of the geographical Districts, 
to be known as ‘“‘the District prize for 
graduate paper” has been established. In 
the future the award of this prize as well 
as the national and District prizes for 
Branch paper will be on the basis of pres- 
entation during the academic (college) 
year, July 1 to June 30, inclusive, rather 
than on the basis of presentations during the 
calendar year. 

Excerpts of the rules as revised fully de- 
scribing each prize and stating the condi- 
tions of awards, when and where the papers 
should be submitted for consideration, are 
given in the following paragraphs. How- 
ever, the changes in these rules explained 
in the preceding paragraph are not to be 
applied retroactively and they do not per- 
tain to the 1936 papers now under considera- 
tion. The winners of every prize will each 
receive a certificate of award but by action 
of the board of directors the only cash award 
for 1936 papers will be $25 for the “‘Dis- 
trict prize for Branch paper’ in each geo- 
graphical District. When papers are written 
jointly the cash awards shall be divided and 
a certificate shall be issued to each author. 


National Prizes 
CONDITIONS OF AWARDS 


1. The national best paper prize in each 
of the 3 classes namely, engineering prac- 
tice, theory and research, and public rela- 
tions and education, may be awarded for 
the best original paper presented at any 
national, District, or Section meeting of the 
Institute, provided the author, or at least 
one of coauthors, is a member of the Insti- 
tute. 

2. The national prize for initial paper 
may be awarded for the most worthy paper 
presented at any national, District, Section, 
or Branch meeting of the Institute, provided 
the author or authors have never previously 
presented a paper which has been accepted 
by the technical program committee, and 
the author, or at least one of coauthors, is 
a member of the Institute or is a graduate 
student enrolled as a Student of the Insti- 
tute. 

3. The national prize for Branch paper 
may be awarded for the best paper based 
upon undergraduate work presented at a 
Branch or other Student meeting of the 
Institute, provided the author or authors 
are Enrolled Students of the Institute. 

For the national best paper prize and the 
national prize for initial paper, only papers 
presented during the calendar year shall 
be considered except those for the best 
paper prize in the class of public relations 
and education. In this class all papers 
presented subsequent to those considered 
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at the time of the last previous award in 
this field and prior to the end of the last 
calendar year will receive consideration. 
For the national prize for Branch papers 
only papers presented during the preceding 
academic (college) year, July 1 to June 30, 
inclusive, shall be considered. 


PAPERS Must BE SUBMITTED 


All papers approved by the technical 
program committee which were presented 
at the national conventions or District 
meetings will be considered for the best 
paper prizes and initial paper prize without 
being formally offered for competition. 
All other papers which were presented at 
Section, Branch, or Student meetings must 
be submitted in triplicate with written 
communications to the national secretary 
on or before February 15 of the following 
year, stating when and where the papers 
were presented. This may be done by 
authors, by officers of the Institute, or by 
the executive committees of Sections or 
geographical Districts. 


Basis OF GRADING PAPERS 


The valuations which shall govern the 
grading of papers for purposes of making 
awards shall be as follows: 


Analysisiof Subject: .....c-aen coe 10 per cent 
The paper shall present a clear outline of the 
situation out of which arises the need for the prep- 
aration of a paper on the particular subject, 
explaining the point of view assumed in the pres- 
entation. 
Logical Presentation.................. 10 per cent 
The presentation should include an analysis of 
the difficulties encountered, the methods of attack, 
and the solution of the problem. 


Originality: sae. wo eon ds ie Sa ee 10 per cent 

Credit should be given to the paper which brings 
to its subject matter a fresh point of view, a healthy 
openmindedness, or a discarding of some outworn 
traditions. 


Wlty see as tle ition o Mttemcameters 10 per cent 

While brevity and conciseness are important they 
should not be attained at the sacrifice of unity and 
completeness of presentation. 


Valiievin tse Bield...0 «em. cecroten cutee 30 per cent 

The value of the paper as a contribution to the 
literature in its own field should receive particular 
consideration. 


Value to Electrical Engineering........ 30 per cent 

The paper should be considered from the stand- 
point of the quality of its contribution to the 
advancement of electrical engineering and _ its 
value to civilization. 


PUBLICATION 


Papers awarded prizes shall be published 
in full or in abstract, in ELECTRICAL ENGI- 
NEERING, in the TRANSACTIONS, or in 
pamphlet form. 


District Prizes 
CONDITIONS OF AWARDS 


1. The District prize for best paper 
may be awarded for the best paper presented 
at a national, District, or Section meeting, 
provided the author, or at least one of 
coauthors, is a member of the Institute. 


News 


2. The District prize for initial paper 
may be awarded for the most worthy paper 
presented at a national, District, Section, 
or Branch meeting, provided the author or 
authors have never previously presented 
a paper before a national, District, Section, 
or Branch meeting of the Institute, and the 
author, or at least one of coauthors, is a 
member of the Institute or is a graduate 
student enrolled as a Student of the Insti- 
tute. 

3. The District prize for Branch paper 
may be awarded for the best paper based 
upon undergraduate work presented at a 
Branch or other Student meeting of the 
Institute, provided the author or authors 
are Enrolled Students of the Institute. } 

4. The District prize for graduate paper 
may be awarded for the best paper based 
upon graduate work and presented at a 
national, District, Section, or Branch meet- 
ing of the Institute. At the time of pres- 
entation, the author must be a graduate 


student and either a member or an Enrolled © 


Student of the Institute. In the case of 
coauthors, the graduate requirement applies 
to all and the membership requirement 
applies to at least one of the coauthors. 
Each District prize may be awarded only 
to an author who, or to coauthors of whom 
at least one, is located within the District, 
and for a paper presented at a meeting held 
within, or under the auspices of the District. 


Papers Must BE SUBMITTED 


Only papers presented during the calendar 
year shall be considered for the prize for 
best paper and for initial paper. Only 
papers presented during the preceding 
academic (college) year, July 1 to June 30, 
inclusive, shall be considered for the prize 
for Branch paper and for graduate student 
paper. They must be submitted in dupli- 
cate by authors, or by officers of the Section, 
Branch, or District concerned to the Dis- 
trict secretary on or before the following 
dates: best paper and initial paper, Febru- 
ary 15; Branch paper and graduate student 
paper, July 15. 


COMMITTEES ON AWARDS 


All the District prizes for a given calendar 
year shall be awarded prior to May 1 of the 
succeeding year by the District executive 
committee or by a committee appointed 
by the District executive committee and 
authorized to make such awards. 


BASIS OF GRADING PAPERS 


The valuations which shall govern the 
grading of papers for purposes of making 
awards shall be the same as those for the 
national prizes but the papers will not be 
graded by the technical committees. 


Four New Groups Join ASA. Sixty 
national organizations are now affliated 
with the American Standards Association 
according to an announcement of Dana D. 
Barnum, president. The 4 new groups 
affiliated since January 1, 1937, are Auto- 
mobile Manufacturers Association, Brick 
Manufacturers Association of America, 
American Society of Heating and Ventilat- 
ing Engineers, and Structural Clay Prod- 
ucts, Inc. 
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ON THE thirtieth day of January 

1937, the Institute suffered a 
serious loss in the death of Edward 
Barnard Meyer, who had, only 6 months 
previously, completed his term as its 
forty-eighth president, and who had 
long been one of its most loyal and 
active members. 

Doctor Meyer was graduated from the 
Newark — Technical 
School in 1901 and 
from Pratt Institute 
in 1903. He was 
immediately em- 
ployed by the Public 
Service Electric and 
Gas Company of 
New Jersey as an 
engineering assistant, 
and remained with 
it and its subsidiaries 
until 1929, rising 
steadily to higher 
positions, and being 
assistant chief engi- 
neer during the last 
3 years. In 1999, 
he was appointed 
chief engineer of the 
Public Service Pro- 
duction Company, 
which was formed at that time, and, in 
1929, was promoted to vice-president. 
Upon the merger of that company, in 
1930, with the United Engineers and 
Constructors, Inc., he was made vice- 
president of the latter and executive and 
engineering head of its Newark office. 
In 1935, he returned to the Public 
Service Electric and Gas Company as 
chief engineer of the electric engineering 
department. 

Doctor Meyer joined the Institute in 
1905, and was transferred to the grade 
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E. B. MEYER 


of Member in 1913 and to the grade of 
Fellow in 1927. He was a director 
1927-31, a vice-president 1932-34, 
and president 1935-36. He served as 
chairman of many of the Institute’s most 
important committees, as a member of 
others, and as an Institute representative 
upon numerous joint organizations. He 
was chairman of the New York Section 
1926-97. 

The Newark Col- 
lege of Engineering 
awarded him the 
honorary degree of 
doctor of engineer- 
ing in 1936. 

Doctor Meyer's 
ability as an engi- 
neer, his constant 
adherence to the 
highest ideals, his 
patient and persist- 
ent efforts to en- 
courage co-opera- 
tion, and the breadth 
and thoroughness of 
his consideration of 
all matters connected 
with his duties gave 
him an outstanding 
position of leader- 
ship in his chosen profession. 

RESOLVED: That the executive com- 
mittee of the American Institute of Elec- 
trical Engineers hereby expresses, upon 
behalf of the membership, its deepest 
regret at the death of Doctor Meyer, and 
its most sincere appreciation of his un- 
usually large number of important contri- 
butions to the conduct and development 
of Institute activities, and be it further 

RESOLVED: That these resolutions 
be entered in the minutes and transmitted 


to his family. —AIEE Executive Committee 
March 25, 1937 


Electronics Program. <A _ special lecture 
and conference program in _ electronics 
will be held in Ann Arbor, Mich., as a part 
of the 1937 summer session of the Uni- 
versity of Michigan, with the co-operation 
of members of the technical staffs of the 
General Electric Company, Westinghouse 
Electric and Manufacturing Company, 
Radio Corporation of America, and Bell 
Telephone Laboratories, Inc. The pri- 
mary objective will be to provide an 
opportunity for teachers and prospective 
teachers of electronics, engineers and 
physicists engaged in electronic develop- 
ment work in industry, 
students interested in electronics to broaden 
and unify their grasp of fundamental 
electronic principles. Lectures will be 
given by Doctors Saul Dushman (A’13) 
and Lewi Tonks of General Electric, 
Doctors H. E. Mendenhall and F. B. 
Llewellyn of Bell Telephone Laboratories, 
Doctors Joseph Slepian (A’17, F’27) and 
R. C. Mason (A’26) of Westinghouse, 
Doctor V. K. Zworykin (M’22) and B. J. 
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and graduate’ 


Thompson of RCA, and Professors L. B 
Loeb of the University of California and W. 
G. Dow (A’19, M’32) of the University of 
Michigan. A special bulletin describing the 
details of the program will be mailed to 
anyone interested upon request to Professor 
W. G. Dow, electrical engineering depart- 
ment, University of Michigan, Ann Arbor. 


Medal for Papers on Welding. The board 
of directors of The American Welding 
Society has accepted a gold medal to be 
known as the Lincoln Gold Medal, to be 
presented to the author of the best paper 
on any phase of welding published in the 
Journal of The American Welding Society 
during the year October 1936 to October 
1937: The medal was offered by J. F. 
Lincoln (A’08, M’20) president of the 
Lincoln Electric Company, Cleveland, Ohio. 
Papers to be considered must be received 
by the editor of the Journal before Septem- 
ber 15, 1937. 


News 


To Institute Members 
Planning Trips Abroad 


Members of the Institute who contem- 
plate visiting foreign countries are reminded 
that since 1912 the Institute has had recip- 
rocal arrangements with a number of foreign 
engineering societies for the exchange of 
visiting member privileges, which entitle 
members of the Institute while abroad to 
membership privileges in these societies for 
a period of 3 months and members of foreign 
societies visiting the United States to the 
privileges of Institute membership for a like 
period of time, upon presentation of proper 
credentials. A form of certificate which 
serves as credentials from the Institute to 
the foreign societies for the use of Institute 
members desiring to avail themselves of 
these exchange privileges may be obtained 
upon application to Institute headquarters, 
New York. The members should specify 
which country or countries they expect to 
visit, so that the proper number of certifi- 
cates may be provided, one certificate being 
addressed to only one society. 

The societies with which these reciprocal 
atrangements have been established and are 
still in effect are: Institution of Electrical 
Engineers (Great Britain), Société Fran- 
¢aise des Electriciens (France), Association 
Suisse des Electriciens (Switzerland), Asso- 
ciazione Elettrotecnica Italiana (Italy) 
Koninklijk Instituut van Ingeniurs (Hol- 
land), Verband Deutscher Elektrotechniker 
E. V. (Germany), Norsk Elektroteknisk 
Forening (Norway), Svenska Teknolog- 
foreningen(Sweden), Stowarzyszenie Elek- 
trykow Polskich (Poland), Elektrotechnicky 
Svaz Ceskoslovensky (Czechoslovakia), The 
Institition of Engineers, Australia (Aus- 
tralia), Denki Gakkwai (Japan), and South 
African Institute of Electrical Engineers 
(South Africa). 


Middle Eastern District 
Executive Committee Meets 


A meeting of the executive committee of 
the Institute’s Middle Eastern District was 
held in Pittsburgh, Pa., October 27, 1936. 
Circumstances have prevented reporting 
this meeting in an earlier issue. The meet- 
ing was attended by the following: 


W. H. Harrison, vice-president, AIEE 

H. A. Dambly, secretary, Middle Eastern District 
H. H. Schroeder, chairman, Akron Section 

H. L. Brouse, secretary, Akron Section, 

A. O. Austin, Akron Section 

J. H. Lampe, secretary, Baltimore Section 

O. C. Schlemmer, secretary, Cincinnati Section 
W. E. Wickenden, chairman, Cleveland Section 
E. E. Kimberly, chairman, Columbus Section 

W. D. Bearce, secretary, Erie Section 

G. E. Northup, chairman, Lehigh Valley Section 
O. C. Traver, chairman, Philadelphia Section 

Paul Frederick, secretary, Pittsburgh Section 

R. L. Dunlap, director, Pittsburgh Section 

T. H. Frankenberry, Sharon Section 

W. A. VanWie, Toledo Section 

G. G. Coleman, Washington Section 

E. O. Lange, chairman, District committee on 
student activities, Drexel Institute, Philadelphia 


Vice-President Harrison, who presided, 


‘first discussed briefly the objectives and 


status of the efforts of the Institute’s mem- 
bership committee. A general discussion of 
membership activities of the Sections 
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throughout the District followed. At the 
conclusion of this discussion, the report of 
the District prize paper committee was pre- 
sented; appointment of a prize paper com- 
mittee for 1936-37 was deferred. 

Student conferences and conventions was 
the next subject discussed. The various 
delegates outlined briefly what is being done 
by their respective Sections and Branches. 
Vice-President Harrison urged the Sections 
to do all possible to assist and stimulate in- 
terest in technical schools. He called at- 
tention to the probable shortage of tech- 
nically trained men in the years ahead. 
There was also an exchange of ideas per- 
taining to Section programs and activities. 

To serve as the District co-ordinating 
committee for the year ending July 31, 1937, 
the following were selected: O. C. Schlem- 
mer, W. C. Kalb (Cleveland Section), E. E. 
Kimberly, Paul Frederick, and E. O. Lange. 
The vice-president and District secretary are 
ex-officio members of this committee. 

Vice-President Harrison reported that the 
proposed Akron (Ohio) District meeting had 
been approved by the Institute’s board of 
directors on May 25, 19386. Although no 
definite date for the meeting was selected, 
early October was suggested. A. O. Austin 
and H. L. Brouse were designated as repre- 
sentatives of the Akron Section to serve on 
the committee for this meeting. These 2 
members together with the District co- 
ordinating committee constitute the com- 
plete committee for this meeting. 

A proposal to request that the Institute’s 
1938 summer convention be held at Penn- 
sylvania State College was discussed in de- 
tail. Although the college is not within 
Institute Section territory, delegates of 
neighboring Sections indicated their willing- 
ness to assist. After lengthy discussion it 
was voted unanimously that the executive 
committee of the Middle Eastern District 
recommend that consideration be given to 
Pennsylvania State College for a summer 
convention or District meeting in 1988. 
(After considering this and other invitations 
for the 1938 summer convention the Insti- 
tute’s board of directors voted at its meeting 
of January 25, 1937, to hold the 1938 sum- 
mer convention at Washington, D. C.) 


French Congress on Lighting. A  con- 
gress on lighting is being arranged by a 
French committee to be held from June 24, 
1937, to a date to be set early in July 
during the international exposition. Ameri- 
can lighting men have been invited to 
attend and to participate in discussions on 
lighting matters. According to Preston 
S. Millar, president of the United States 
National Committee of the International 
Commission on Illumination, ‘‘This con- 
gress is not to be confused with the next 
meeting of the ICI scheduled for next year 
in Holland. The French lighting congress 
is to be held in connection with the inter- 
national exposition. The United States 
National Committee of the ICI, however, 
is lending its support and will be glad to 
serve as a ‘clearing house’ for American 
lighting men desiring to present papers 
at the forthcoming congress on lighting in 
Paris.’”? Inquiries relating to the subject 
should be addressed to Mr. Millar, in care 
of Electrical Testing Laboratories, 80th 
Street and East End Avenue, New York, 
Nye 
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Springfield Section 
Offers Prizes for New Ideas 


In an effort to develop ‘“‘ways and means 
to advance and improve the Springfield 
Section of the AIEE,”’ that Section an- 
nounced at its March 12 meeting that for 
the best papers on that subject submitted 
within the ensuing 6 months, cash prizes 
of $25 for the best and $10 for the next 
best paper would be awarded at the Section’s 
October or November meeting. All mem- 
bers of the Springfield Section (national, 
local, and student) except present Section 
officers, present chairmen and vice-chairmen 
of Section standing committees, and mem- 
bers of the Section’s prize paper contest 
committee, are eligible to enter the contest. 

Papers submitted are specified to be 
between 500 and 2,500 words in length, 
and subject to grading on the following 
basis: 


Clarity of Presentation. The paper shall give a 
clear presentation of the merits of proposed changes 
and/or any defects in present practices. .20 per cent 


Originality. The paper should include new ideas 
for the management and activities of the Section, 
that will make it more interesting and of greater 
benefit to the largest number of members. It 
should bring to its subject matter a fresh point of 
view, a healthy open-mindedness, and/or a dis- 
carding of any outworn traditions..... 30 per cent 
Value to the Section. Theimprovements and bene- 
fits, estimated to result from adopting the ideas 
presented in the paper will receive particular 
CONSIderation averse ee ele ler 50 per cent 


Great Lakes District 


Executive Committee Meets 


The annual meeting of the executive com- 
mittee of the Institute’s Great Lakes Dis- 
trict was held at Chicago, Ill., on November 
16, 1936. Circumstances have prevented 
reporting this meeting in an earlier issue. 
The following members of the committee 
were present: 


C. F. Harding, vice-president, AIEE 

A. G. Dewars, secretary, Great Lakes District 

F. L. Stanley, chairman, Central Indiana Section 
Burke Smith, chairman, Chicago Section 

J. A. Fitts, secretary, Chicago Section 

S. S. Attwood, chairman, Detroit-Ann Arbor Section 
D. H. Hanson, chairman, Fort Wayne Section 

C. S, Allen, secretary, Fort Wayne Section 

F. H. McClain, chairman, Iowa Section 

R. R. Benedict, chairman, Madison Section 

. A. Kuehlthau, secretary, Madison Section 

. A. Potts, chairman, Milwaukee Section 

H. Kuhlmann, chairman, Minnesota Section 

. H. Nelson, secretary, Minnesota Section 
Swf 
A. 
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Reich, chairman, Urbana Section 
Auty, treasurer, District executive committee 


AOS 


K. L. Hansen of Milwaukee, chairman of 
the 1937 summer convention committee, 
was present by invitation. 

Vice-President Harding presided. Fol- 
lowing the presentation of the treasurer’s 
report, Mr. Auty was re-elected treasurer 
for the ensuing year. The following were 
chosen to serve on the District co-ordinating 
committee for the ensuing year: Burke 
Smith, R. R. Benedict, F. L. Stanley, and 
J. A. Potts; these, together with Vice-Presi- 
dent Harding and District Secretary Dewars, 
who serve as ex-officio members, constitute 
the complete committee. 

Concerning the Institute’s 1937 summer 


News 


convention to be held in Milwaukee, Wis., 
June 21-25, K. L. Hansen reported that the 
various committees had been active and 
were already well along on their way toward 
completion of their plans. He called atten- 
tion to the proposal to include on the pro- 
gram a paper, or papers, on economic or 
social subjects and asked the opinion of the 
members of the District executive commit- 
tee on this matter. Vice-President Harding 
had mentioned at the opening of the meeting 
that the Institute’s board of directors had 
considered the general question of broaden- 
ing Institute activities to include discussions 
on social and economic subjects, at its meet- 

ing of October 20, 19386. After considerable 
discussion, a committee was appointed to 

prepare a resolution expressing the attitude 
of the District executive committee on the 
general subject of including papers of this 
type on convention programs. At the close 
of the meeting, this committee, which con- 
sisted of F. L. Stanley, D. H. Hanson, and 


Burke Smith, offered the following resolu- — 


tion: 


“Resolved, That the executive committee of the 
Great Lakes District hereby goes on record ag 
endorsing the action taken by the board of direc- 
tors of the American Institute of Electrical Engi- 
neers at its meeting on October 20, 1936, in which — 
it favored broadening of the scope of papers for 
national presentation and publication, to include 
topics of economic and sociological interest to the 
profession.” 


The resolution was adopted and the secre- 
tary was instructed to forward a copy to the 
Institute’s board of directors. 

Reports were presented by the various 
Section delegates, in which the activities of 
the respective Sections during the preceding 
year were described, and plans for the com- 
ing year outlined. Practically all of the Sec- 
tions represented reported an increase in 
membership during the preceding year. 


Medals Awarded 
for Public Service 


Two awards of the American Institute of 
the City of New York for 1987—a gold 
medal to the Bell Telephone Laboratories, 
New York, N. Y., and a fellowship to 
Watson Davis, director of Science Service, 
Washington D. C_—were announced Decem- 
ber 28, 1936, by Dr. Gerald Wendt, director 
of the organization, and presented February 
4, 1937. 

The gold medal, given annually by the 
organization in recognition of outstanding 


accomplishment in research, was awarded to — 


the Bell Telephone Laboratories ‘‘for re- 
searches in electrical science which, applied 
to communication, have promoted under- 
standing, security, and commerce among 
peoples by transmitting human thought 
instantly throughout the world.” 

One of the pioneer industrial organiza- 
tions for scientific research, Dr. Wendt 
said, 


the Bell Telephone Laboratories | 


developed and perfected many of the valu- — 


able means of modern communication. Its 


outstanding achievements have been in the 
development- of the instrumentalities on 


which are based a nation-wide system of — 


communication. The award was. re- 


ceived in the name of the more than 4,000 © 
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men and women of the Laboratories by its 
‘president, Dr. F. B. Jewett (A’03, F’12, 
_past-president). 

The fellowship, conferred for ‘‘outstand- 
ing service in the interpretation of science 
to laymen,” was awarded to Watson Davis 
“for interpreting to the people of the Nation 
the rapid progress of science upon which 
modern civilization depends, and for the 
organized dissemination of research findings 
as news.” 

Mr. Davis is director of Science Service, 

a pioneer organization in the interpretation 

and dissemination of the news of science. 
“He is well known as author and editor of 
books on scientific subjects including ‘‘The 

Story of Copper’’, ‘Science Today,” and 

“The Advance of Science.’’ His articles, 
appearing regularly in newspapers, maga- 

zines, and technical journals, bring science 

‘to the people in the language of the layman. 
The council on awards of the American 
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Production of Electricity 


Institute of the City of New York consists of: 
M. L. Crossley (chairman) Calco Chemical 
Co.; Oscar Riddle, Carnegie Institution, Sta- 
tion for Experimental Evolution; W. D. 
Coolidge (A’10, F’24) General Electric Co.; 
W. H. Carrier, Carrier Engineering Corp.; 
Oliver Kamm, Parke Davis & Co.; Ward F. 
Davison (A’14, F’26) Brooklyn Edison Co.; 
L. O. Kunkel, Rockefeller Institute for 
Medical Research; Clinton J. Davisson, 
Bell Telephone Laboratories; and Harden 
F. Taylor, Atlantic Coast Fisheries. 

The American Institute of the City of 
New York was incorporated in 1828 for 
the purpose of ‘‘encouraging and promoting 
domestic industry in this State and in the 
United States.”’ Its membership includes 
leading scientists and others interested in 
‘promoting this aim. Its work among school 
children, including its ‘‘science congress,” 
“Christmas lectures,’ and “children’s 
science fair,’”’ is notable. 


in 1936 Breaks All Records 


Z Pret ARY figures on the total pro- 
duction of electricity for public use in the 
United States in 1936, as given by the Fed- 
eral Power Commission, indicate a total 
output of 113,473,000,000 kilowatt-hours, 
which is an increase of 14 per cent over that 
for 1935, the year of the previous maximum. 

The production of electricity by the use of 


water power was about 40,893,000,000 kilo- 
watt-hours, or 2 per cent more than in 1935, 
and amounted to 36 per cent of the total, 
whereas the average for the 16-year period, 
1920 to 1935, was 36.9 per cent of the total. 
The percentage for 1936 indicates that de- 
spite the abnormal conditions experienced 
in the drought-stricken states the produc- 


Annual Production of Electricity for Public Use in the United States, 1935 and 1936 


Production of Electricity—Millions of Kilowatt-Hours 


Total By Use of Water Power By Use of Fuel 
Change— Change— Change— 
Per Per Per 

1935 1936 Cent 1935 1936 Cent 1935 1936 Cent 
United States.........99,398...113,473...+14...39,968...40,893...+ 2...59,4380...72,580...+22 
New England......... 6,914... 7,496...+ 8... 2,950... 2,852...— 3... 3,964... 4,644...+17 
Middle Atlantic....... 25,905... 29,281...+13... 7,836... 7,3848...— 6...18,069...21,933...4+21 
East North Central... .22,833... 26,384...+16... 2,686... 2,810...—14...20,147...24,074...+19 
West North Central... 6,588... 7,026...+ 7... 2,148... 1,497...—30... 4,440... 5,529...4+25 
South Atlantic........ 11,430... 13,746...4+20... 6,495... 7,187...+10... 4,935... 6,609...+34 
East South Central.... 4,206... 4,985...+19... 3,458... 3,865...+12... 748... 1,120...+50 
West South Central.... 4,879... 5,634...+15... 286... 168...—41... 4,593... 5,466...+19 
MAGUNLBIMN 1 ole einiee e106 3,518... 4,309...+22... 2,681... 3,256...+21 837... 1,053...+26 
PACHIC oe) vielieieaig-01010's 30 13,126... 14,612...+11...11,428...12,460...+ 9... 1,698... 2,152...+27 


Annual Consumption of Fuels in Generating Electricity for Public Use, 1935 and 1936 


Coal— 
Thousands of Net Tons 


Oil— 
Thousands of Barrels 


Gas— 
Millions of Cubic Feet 


Change— Change— Change— 
Per Per Per 
1935 1936 Cent 1935 1936 Cent 1935 1936 Cent 
United States........ 34,807. ..41,973...+21...11,393...14,110...4+24...125,239...155,525...+ 24 
New England........ 2,025... 2,3880...-+18... 2,622... 3,198...+22... Ont Ou. 0 
Middle Atlantic...... 11,133...13,129...+-18... 3,856... 4,868...+45... 1,602... 4,773...+198 
East North Central...13,627...16,274...+19... 145... 183...+26... 9,476... 18,359...+ 41 
West North Central.. 3,041... 3,627...+19... 785... 927...+18... 25,002... 30,727...+ 23 
South Atlantic....... 3,033... 4,076...+34... 2,881... 2,548...4 9... 1,482... 2,682...+ 87 
East South Central... 599 880...+47... 98... 112...+14... 4,488... 5,465...+ 22 
West South Central... 764 889...+16... 768... 903...+18... 60,895... 72,594...+ 19 
MMiountain......+..66' O80 718...4+23... 294... 370...+26... 4,804... 5,085...+ 18 
RZ ACLAC Tataterete stereo oie oie OF Oven One) O04. 1,001. a 1.0 18,040... 20:840: .,. 4-16 
Aprit 1937 News 


tion of electricity by the use of water power 
is maintaining its relative position with re- 
spect to other sources of power. 

The preliminary data indicate that the 
fuel rate for 1936 was about 1.45 pounds per 
kilowatt-hour as compared with 1.46 pounds 
per kilowatt-hour in 1935. Following the. 
former procedure of the U.S. Geological 
Survey, the fuel rate was calculated by con- 
verting the oil and gas used in the produc- 
tion of electricity into equivalent tons of 
coal and dividing the total coal used in 
producing electricity and coal equivalent of 
the gas and oil used by the corresponding: 
output. This method does not allow for the 
variation in Btu content of the gas and oil 
as fired, and includes the output of both 
steam and internal combustion engines, and 
is therefore only approximate. 

An analysis of all steam plants using coal 
exclusively for fuel indicates that the coal, 
rate is 1.49 pounds per kilowatt-hour. 
Since these data include coal used in plants: 
held in reserve and operated intermittently,, 
it is not representative of good practice. 
Some of the more efficient plants are pro- 
ducing a kilowatt-hour with approximately: 
0.8 pound of coal at the present time. 

The accompanying tables show for the 
United States and its divisions the annual 
production of electricity for public use by: 
use of water power and by the use of fuels: 
for the years of 1935 and 1986 and the per- 
centage change from 1935 to 1936 in the pro- 
duction of electricity and im the use of 
different fuels in generating electricity. 
The information is preliminary and is based 
on the figures of production of electricity in 
the monthly reports during 1986. The 
output of central stations, both publicly and 
privately owned, electric railway plants, 
plants operated by steam railroads generat- 
ing electricity for traction, and U.S. Bu- 
reau of Reclamation plants and that part 
of the output of manufacturing plants which 
is sold are included in these data. Accurate 
data are received each month representing: 
approximately 98 per cent of the total out-. 
put shown; the remaining 2 per cent of the 
output is estimated so that the data repre- 
sent 100 per cent of the generation. 

A final report, which will give totals for 
each state for 19386 and include final revi- 
sions of previously published data, will be 
published in April 1937; copies may be ob- 
tained by application to the Federal Power. 
Commission, Washington, D. C. 


John Scott Awards 
for 1937 Presented 


Doctors W. D. Coolidge (A’10, F’34) 
and Irving Langmuir, director and associate 
director respectively of the research labora- 
tory of the General Electric Company in 
Schenectady, N. Y., and Doctor Evarts 
A. Graham of the school of medicine of 
Washington University in St. Louis, Mo., 
were recipients of the John Scott awards for 
1937 granted by the City Trusts of the 
City of Philadelphia and presented at a 
recent dinner of the American Philosophical 
Society. With each award went a cer- 
tificate, a copper medal, and $1,000 in cash. 
Doctor Coolidge accepted the award for 
Doctor Langmuir in the latter’s absence. 
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The award to Doctor Coolidge was based 
on his application of a new principle in 
X-ray tubes; to Doctor Langmuir for his 
physical and chemical discoveries resulting 
in improved gas-filled incandescent lamps; 
and to Doctor Graham for his application 
of the X ray to the study and diagnosis of 
gall-bladder conditions. 

In making the presentations, Ernest I. 
Trigg, chairman of the Board of City 
Trusts, explained that history had made 
but scant recordings of John Scott, the 
donor of the fund, and his reason for be- 
queathing to the City of Philadelphia in 
1816 the sum of $4,000, the income from 
which was to be “laid out in premiums 
to be distributed among ingenious men 
and women who make useful inventions.” 

It was originally stipulated that no 
award was to carry a cash premium of more 
than $20 and the medal was to be inscribed 
“To the most deserving.’’ 

History reveals that John Scott was a 
chemist in Edinburgh, Scotland, but just 
why he chose Philadelphia for his grant is a 
mystery. It is thought his attention had 
been drawn to the city either through the 
American Philosophical Society or his 
admiration of Benjamin Franklin whom 
he may have met when Franklin visited 
Scotland in 1769. When the fund was 
taken over by the Board of City Trusts, 
the principal had grown to $21,000 and 
in 1917, or 100 years after the original 
grant, it amounted to $100,000. At this 
time the board appealed to the courts and 
received permission to increase the amount 
of the awards to a maximum value of 
$2,000, but none has been for any amount 
greater than $1,000. 

In the period between 1920 and 1937 
inclusive, 73 awards were made to out- 
standing scientists and inventors in all 
parts of the world, including Japan, Hol- 
land, England, France, Italy, and South 


America. Recipients have included Madam 
Curie, Reginald A. Fessenden, Orville 
Wright, Lee De Forest (A’04, F’18), 


Thomas A. Edison (A’84, M’84, HM’29, 
past vice-president, deceased ’33), Gug- 
lielmo Marconi (HM’17), Samuel M. 
Vauclain, W. L. R. Emmet (A’93, M’94, 
HM’33, past vice-president, member for 
life), Nikola Tesla (A’88, F’17, member for 
life), Charles F. Kettering (A’04, F’14), and 
Edward G. Budd. 


$100,000 Edison Memorial 
Gift of W. S. Barstow 


The Edison Pioneers, composed of early 
associates of Thomas Alva Edison, met 
February 11, 19387, in New York, N. Y., 
to observe the ninetieth anniversary of 
Edison’s birth. At that meeting, it was 
announced that a 135-foot concrete tower 
surmounted by a huge electric-light bulb 
would be erected in Edison’s memory dur- 
ing the summer of 1937 on the site of his 
early laboratory at Menlo Park, N. J. 
The tower, which will cost more than 
$100,000, will be the gift of W. S. Barstow 
(A’94, F’12) retiring president of the Edi- 
son Pioneers. (Mr. Barstow served the 
AIEE as a manager in 1900-03, and as 
a vice-president in 1908-05.) Mr. Barstow 
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specified that the gift was to the Thomas 
Alva Edison Foundation in the name of 
the Edison Pioneers. 

The Thomas Alva Edison Foundation 
was conceived jointly by the Edison Pio- 
neers and the AIEE, with the approval of 
the Edison family, and was incorporated 
in 1935. Its purpose is to carry out plans 
to perpetuate recognition of the world’s 
progress emanating from the inventor’s 
efforts. The construction of this memo- 
rial tower constitutes one phase of the 
Foundation’s program. 

It is planned to build a concrete tower 
around the skeleton steel tower which was 
erected in 1929, 2 years before Edison’s 
death. The light which will be at the top 
is that which is now at the top of the steel 
structure. It is a bulb-like light com- 
posed of more than 900 incandescent lamps, 
and will be enclosed in prismatic glass. 
Edison turned it on from Dearborn, Mich., 
on October 21, 1929, during the national 
celebration of the fiftieth anniversary of 
his invention of the incandescent electric 
light. It has burned every night since and 
will not be extinguished during the con- 
struction of the new tower. 


Electrical Vocabulary 
Prepared by IEC 


The International Electrotechnical Com- 
mission plans publication of the first 
edition of its “International Vocabulary”’ 
in 1937. This work, undertaken soon 
after the St. Louis Electrical Congress in 
1904, contains some 2,000 scientific and 
industrial terms used in the various branches 
of electrotechnics. It is the result of many 
years of continuous effort by a committee 
of experts including delegates from Austria, 
France, Germany, Great Britain, Italy, 
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the Netherlands, Poland, Spain, and the 
United States. 

Definitions appear in English and French, 
the 2 official languages of the IEC, and a 
translation of terms is given in German, 
Italian, Spanish, and Esperanto. While 
the committee developing this international 
vocabulary appreciates that it does not 
constitute a complete unification of electro- 
technical nomenclature, through periodic 
review and revision based on the con- 
structive criticism of electrical authorities 
throughout the world it should become 
increasingly valuable to engineers. 

The edition will be limited, and copies 
at about $2.50 each may be reserved by 
writing to the United States National 
Committee of the International Electro- 
technical Commission, 29 West 39th Street, 
New York, N. Y. 


Electrical Treatment of Air. A new tech- 
nical subcommittee on the treatment of 
air with electricity, formed under the com- 
mittee on research of the American Society 
of Heating and Ventilating Engineers, re- 
cently held its first meeting to plan a re- 
search program directed toward discovering, 
if possible, and duplicating in indoor condi- 
tioned air, certain intangible qualities that 
seem to give outdoor air a particular zest 
and life. Discussion at the meeting in- 
cluded the problem of ozonization, ioniza- 
tion, and treatment of air with ultraviolet 
rays, which has shown possibilities in the 
killing of air-borne disease germs, and the 
subject of electrical filtering of air by pre- 
cipitation processes. Members of the sub- 
committee include L. W. Chubb (A’09, F’21, 
past director) director of research labora- 
tories of Westinghouse Electric and Manu- 
facturing Company, East Pittsburgh, Pa., 
and Vannevar Bush (A’15, F’24) vice-presi- 
dent and dean of engineering at Massachu- 
setts Institute of Technology, Cambridge. 
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Council Acts on 
Patent Situation 


In all the flurry of patent legislation in 
recent years, Council’s patents committee 
has kept closely in touch with the situation 
and has acted in the interest of engineers 
and the public where opportunity was found 
to improve patent-court conditions and 
patent-office procedure. Of most impor- 
tance are actions taken on the proposed 
court of patent appeals and legislation 
affecting pooling and cross-licensing. 

The committee has recommended that 
Council support legislation for a single 
court of patent appeals, and the AEC as- 
sembly has approved the recommendation 
and has taken the position that it will look 
with favor upon the idea of having the 
judges named to such court selected by 
the President and confirmed by the Senate 
only after careful review of their special 
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and technical competence with the advice 
of engineering and scientific societies as 
well as the advice of the patent bar and the 
legal profession. 

Scientific advisers to the courts have 
been recommended by a number of agen- 
cies, but not all with the same purpose. 
Most often quoted is the suggestion of a 
special patents committee of the Science 
Advisory Board. That committee recom- 
mended that scientific advisers be made 
available to aid trial court justices. In 
this conclusion, the committee agrees 
with the recommendations of the special 
patents committee of the Science Advisory 
Board. The patents committee looks with 
some favor on such an idea if a suitable 
method of selecting advisers free from 
preconceived opinions were fixed and if a 
sufficiently diversified list of skilled scien- 
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tific and engineering talent were made 


available. However, the committee has 
doubted the wisdom of having such scien- 
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tific advisers named permanently as a part 
of a new single court of patent appeals. 
It feels that the idea of naming 3 such ad- 
visers who would serve for all classes of 
cases would not afford such highly skilled 
aid in all divisions of science and technology 
as courts really require. 

The committee believes that the public 
interest has been much more served than 
harmed by patent pools and by cross-licens- 
ing. Such evils as may have been experi- 
enced would not have been corrected by 
any of the proposed forms of legislation. 
The committee believes that administra- 
tion of present laws, including proper and 
reasonable application of antitrust legisla- 
tion, would suffice to correct those types 
of evils of pooling that have been disclosed 
or charged as bad practice. 

Council also has approved the patents 
committee’s recommendation to oppose 
all the various types of proposals which 
would restrict the freedom of owners of 
patents to use them constructively under 
present laws. It regards such offenses as 
are now charged against the patent system 
as the result of defects in administration 
of present laws and not as evidence of the 
need of more legislation. 

The committee believes that every effort 
should be made by industry as well as by 
the engineering profession to increase the 
presumption of validity of patents as issued. 
It feels that engineers generally should 
assist patent examiners whenever possible 
to keep abreast of the arts with respect 
to which they are examining patent applica- 
tions. The committee has not found any 
legislation, proposed to date, sufficiently 
constructive to feel that it deserves sup- 
port of AEC. It does, however, hope that 
some means may be developed for increas- 
ing the standards of competence and ex- 
perience of the staff of examiners in the 
Patent Office. 

The staff is following legislation for the 
court of patent appeals in S.475 introduced 
by Senator McAdoo of California, and the 
patents committee is giving further con- 
sideration to such matters as technical ad- 
visers to the courts, patent pooling and 
cross-licensing, compulsory working and 
licensing, automatic validation of patents 
5 years after issue, and taxation during 
nonuse. 


AEC Unites Opinion 
On Rural Electrification 


In its unbiased approach to the subject, 
Council’s rural electrification committee 
seems to have made a real contribution 
toward a better understanding of the prac- 
tical uses of electricity on the farm and 
toward a meeting of private and public minds 
on sound practices in rural electrification. 
The report of this committee’s Report for 
1936 was referred to by Morris L. Cooke, 
ex-administrator of REA, in a letter to the 
editor of the New York TJzimes entitled 
“Rural Electrification’? which was pub- 
lished in the February 1, 1937, issue of 
the Times. Mr. Cooke is also reported 
to have referred publicly to the report as 
representing an excellent approach to rural 
electrification. 

Utilities and private industry also have 
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sought copies of this report. All criticism 
received has been constructive and di- 
rected toward improving the recommenda- 
tions for increasing the use of electricity 
on the farm and making the use pay divi- 
dends to the farmer in health, time-saving, 
and economy. Other suggestions concern 
ways and means to make rural distribution 
systems pay their own way, and the con- 
struction of rural lines of the lowest cost 
consistent with quality and service. 

The AEC rural electrification committee 
made 5 recommendations with the ulti- 
mate well-being of citizens in rural life as 
the final objective: (1) every farmer who 
can use electricity economically should be 
supplied with it; (2) service should be 
supplied in the most efficient and dependable 
manner and at the lowest cost consistent 
with quality and service; (3) each farm 
operator should be informed as rapidly as 
possible regarding the electric-power and 
equipment needs of his own individual 
farm; (4) each farmer should be informed 
as rapidly as possible regarding the best 
ways of using this power and equipment 
so that the greatest economy may be 
effected; and (5) every effort should be 
made to develop new equipment and proc- 
esses whereby electric power can be used 
to bring the farmer closer to his market, 
whether he is selling food products or the 
raw materials of industry. 

In conclusion, the report advances the 
opinion that such a program of rural elec- 
trification will require the utmost co-opera- 
tion between all branches of the agricul- 
tural and engineering professions, and all 
agencies, public and private, that are in- 
volved in this development. The problem 
is a tremendous one, but its solution will 
go so far in helping to solve the economic 
problems of American agriculture, and in- 
directly the economic problems of the na- 
tion, that it is worth the best efforts of all 
who have anything to contribute to it. 


Rural Electrification 
Administration Notes 


Rural Electrification Administration news 
is the resignation of Administrator Morris 
L. Cooke. Mr. Cooke is reported to have 
resigned voluntarily to seek a rest from 
the burden of responsibility that the Presi- 
dent drafted him to carry from the creation 
of the REA. An interesting rumor in 
connection with Mr. Cooke’s resignation 
is the unofficial report that his friendly 
consideration of the interests of privately 
owned utilities added to the burden of his 
responsibility and engendered trying mis- 
understandings among his liberal col- 
leagues. 

John M. Carmody, an editor and in- 
dustrial engineer, formerly a member of 
the National Labor Relations Board, 
chief engineer of CWA and FERA, with 
much experience in the railroad, steel, and 
coal industries and in private practice, 
succeeded Mr. Cooke. He is being as- 
sisted by Colonel George D. Babcock of 
North Carolina who was associated with 
Mr. Carmody in the other emergency 
agencies. 

At the conclusion of Mr. Cooke’s admin- 
istration, REA had lent or ear-marked a 
total of more than $50,000,000 for 257 
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rural electric projects to serve 165,000 rural 
customers in 40 states and Alaska. These 
figures do not include funds involved in 
contracts providing that the Electric Home 
and Farm Authority co-operate with both 
public and private utilities in financing 
the sale of electric appliances for use by 
consumers located on public and private 
utility power lines. 


Enaineerint 


Pounce ation 


Doctor A. D. Flinn, 


Director of Foundation, Dead 


Doctor Alfred Douglas Flinn, director of 
The Engineering Foundation, died March 
14, 1987, at Scarsdale, N. Y., after a pro- 
longed illness. He was born in New Berlin, 
Pa., August 4, 1869. He was graduated in 
1893 from Worcester (Mass.) Polytechnic 
Institute, with the degree of bachelor of 
science in civil engineering, following which 
he took postgraduate work at the Massa- 
chusetts Institute of Technology, Cam- 
bridge. The University of Louvain, at its 
500th anniversary celebration in 1927, con- 
ferred on him the degree of doctor of applied 
science, honoris causa. He received the 
honorary degree of doctor of engineering 
from Worcester Polytechnic Institute in 
1932. 

From 1894 to 1895, Doctor Flinn was em- 
ployed successively by: Rice and Evans, 
civil engineers, of Boston, Mass.; Associated 
Factory Mutual Fire Insurance Companies, 
Boston; Waterworks Division of the Boston 
City Engineer’s Office. From 1895 to 1902, 
he was engineer for the Massachusetts Met- 
ropolitan Waterworks, becoming principal 
assistant engineer. He served as managing 
editor of The Engineering Record (later com- 
bined with The Engineering News) 1902-04, 
following which he became general inspector 
for the Croton Aqueduct Commissioners, be- 
ing in charge of their New York engineering 
office. In August 1905, he became asso- 
ciated with the Board of Water Supply of 
the City of New York, which he served until 
January 1918. He was successively divi- 
sion engineer, department engineer of head- 
quarters, deputy chief engineer, and, on 
several occasions, acting chief engineer. 

In January 1918, Doctor Flinn was named 
secretary of the United Engineering Society, 
which was succeeded by Engineering Foun- 
dation and United Engineering Trustees, 
joint agencies of the 4 Founder societies. 
He continued as secretary of United Engi- 
neering Trustees until June 23, 1934, and of 
The Engineering Foundation until his death. 
He became director of Foundation in 1922. 

As secretary, or executive officer, of 
United Engineering Trustees, he supervised 
the Engineering Societies Building at 29 
West 39th Street, executed and recorded the 
actions of the board of trustees, including 
administration of trusts and other funds, 
and rendered secretarial services to standing 
and special committees. After his resig- 
nation in 1934 he continued some special serv- 
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ices until the end of that year, when his 
engagement with the Trustees ended. 

In co-operation with National Research 
Council, Doctor Flinn aided in developing 
and financing the Fatigue of Metals Re- 
search, the Arch Dam Investigation, the 
Alloys of Iron Research, and the Education 
Research Committee, including the pam- 
phlet, ‘““Engineering: A Career—A Culture.” 
He also assisted smaller researches and the 
special research committees of the Founder 
societies and organizations co-operating 
with them. 

He was instrumental, in conjunction with 
the National Research Council, in estab- 
lishing the Personnel Research Federation, 
the Highway Research Board, and the 
American Bureau of Welding; and in con- 
ducting the Marine Piling Investigation, 
and the compilation of the Directory of-In- 
dustrial Research Laboratories in the United 
States. 

Doctor Flinn was assistant secretary of 
the John Fritz Medal Fund Corporation 
from 1920 to 1985. In February 1928, he 
was elected secretary and treasurer of the 
Daniel Guggenheim Medal Fund; he re- 


signed as treasurer in May 1935, and relin- 
quished his duties as secretary in May 1936. 

He was a Fellow of the American Asso- 
ciation for the Advancement of Science, and 
a member of the American Society of Civil 
Engineers, American Institute of Mining 
and Metallurgical Engineers, American 
Mathematical Society, American Iron and 
Steel Institute, Sigma Xi, Sigma Alpha Ep- 
silon, the Century Association, and the En- 
gineers’ Club. He was a past-president of 
the Municipal Engineers of the city of New 
York and holder of its gold medal for the 
best paper of the year. He was honorary 
foreign member of the section of engineering 
sciences of the Masaryk Academy of Prague, 
Austria, and a Knight of the Order of the 
White Lion, Republic of Czechoslovakia. 

With R. S. Weston and C. L. Bogert, he 
compiled a ““‘Waterworks Handbook,’’ now 
in its third edition and extensively used in 
the United States and other countries. He 
originated and edited for 12 years the “‘Re- 
search Narratives’’ printed by the Engineer- 
ing Foundation. He was also the author of 
many technical papers and chapters in 
technical books. 


| to the Editor 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may deal with technical 
papers, articles published in previous issues, or other 
subjects of some general interest and professional 
importance. ELECTRICAL ENGINEERING will en- 
deavor to publish as many letters as possible, but of 
necessity reserves the right to publish them in 
whole or in part, or reject them entirely. 

ALL letters submitted for consideration should be 
the original typewritten copy, double spaced. Any 
illustrations submitted should be in duplicate, 
one copy, to be an inked drawing but without 
lettering, and other to be lettered. Captions 
should be furnished for all illustrations, 

STATEMENTS in these letters are expressly under- 
stood to be made by the writers; publication here 
in no wise constitutes endorsement or recognition 
by the American Institute of Electrical Engineers. 


Short-Time 
Spark-Over of Gaps 


To the Editor: 


The paper “Short-Time Spark-Over of 
Gaps,” by J. H. Hagenguth (ELECTRICAL 
ENGINEERING, volume 56, pages 67-76, 
January 1937) gives rise to several questions. 

The curves B of figure 14 (page 74), 
showing the relations between breakdown 
voltage and time to breakdown of a 20-inch, 
rod gap for both positive and negative surges, 
cross in 2 places. No experimental points 
are shown on the curves—but if the author’s 
estimates of from 10 to 20 per cent accuracy 
in determination of time to breakdown are 
accepted one might wonder if there is justi- 
fication for showing 2 distinct curves. If 
the curves represent the physical picture 
correctly, the explanation for the negative 
surge breakdown time being both higher and 
lower than that for a positive surge, depend- 
ing upon the magnitude of the overvoltage, 
might be that given below. 
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It will be noted that the minimum break- 
down potential is always lower for a positive 
surge. The difference is small for suspen- 
sion-insulator spark-over, amounts to 30 
per cent in some cases for rod gaps. The 
fields at the 2 electrodes of the suspension 
insulator are probably nearly alike. How- 
ever, because of the proximity of the ground 
plane the field at the grounded electrode of 
the rod gap is much less than at the un- 
grounded electrode. From simple sparking 
theory the sharper gradient at the cathode 
should give a lower breakdown potential.! 
Since the tests referred to in the paper are 
at high pressure, the theory of ‘“‘electron 
avalanche” #% must be invoked. The in- 
crease in gradient caused by the electron 
avalanche is in some cases only 14 per cent 
of the existing gradient.4 The electron 
avalanche (with a lack of a positive source 
of electrons by illumination) might begin 
anywhere between the electrodes and reach 
its maximum value in the vicinity of the 
anode. Hence, for minimum breakdown 
potential the positive surge, with higher 
gradient at the ungrounded electrode due 
to both dissymmetry of the field and the 
electron-avalanche field, would be expected 
to give a lower breakdown voltage than a 
negative surge with only the dissymmetry 
of the field to give a high gradient. 

In the case of overvoltage the problem is 
not quite the same, for we are dealing with 
the time required for breakdown. The 
potential gradient with either surge certainly 
will cause breakdown; it is only a question 
of how long a time before breakdown. On 
a statistical basis it might be expected that 
a negative surge will give a lower time to 
breakdown, for the electron avalanche 
certainly would have a considerable magni- 
tude in the vicinity of the cathode, thus 
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increasing the field at this point in a time 
shorter than that required for motion of the 
avalanche to the high field of the anode and» | 
the time for propagation of the secondary — 
process of ionization to the cathode. These } 
deductions are borne out in the tests involy- | 
ing a large distance between electrodes as. 
shown in curves A and B figure 10, page 72, 
for intermediate overvoltages. (Note that 
the ordinates are per cent over voltage.) | 
For the third case of very great overvoltage | 
the times of breakdown should be about the | 
same regardless of polarity of the surge, 
within the limits of the experimental error 
given by Hagenguth, as shown in figures > | 
and 14. 

The choice of definition of rate of volta 
rise applied to surges given on page 71 seems — 
consistent enough from examination of 
figure 9 and comparing it with figure 14, 
This brings up the method of measuring 
rate of rise of voltage for a voltage variation 
similar to figure 75 with an accentuated 
first rise. Here rate of rise would be smaller 
factor compared with the effect of 2 sudden 
voltage impulses. In standardizing a defini- — 
tion, or in expressing the results of tests, 
some limitation should be made on the 
magnitudes of a disturbing initial voltage 
pulse. 
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Very truly yours, : 
G. H. Fert (A’32) 


Assistant in Electrical Engineering, 
University of Illinois, Urbana 


Engineers 
and Government 


To the Editor: i 


The engineering profession has, of late, 
been running the gamut of sharp criticism 
from those of the “more abundant life” 
diagnosticians who like to believe that we 
are the cold lobsters responsible for such 
economic nightmares as that from which 
the world is just awaking. 

These pragmatists are convinced that we 
fiddled too much with logarithms and slide 
rules while the world burned in the fire of — 
so-called technological unemployment, and 
that hereafter we should take it upon our- 
selves to pay as much attention to the effici- 
ency of our economic apparatus as to the 
efficiency of our industrial and power- 
station equipment. Thus, they would have | 
us practice not only engineering but also- 
economics, sociology, finance, banking, and 
even black magic, and thereby distend our-_ 
selves into a legion of supermen, capa 
of designing skyscrapers and transformers 
for 40 hours a week and solving the problems 
of money and state in our off hours. 

At first thought, the very audacity of the 


ELECTRICAL ENGINEERING 


proposal is flattering, but upon reflection 
it becomes apparent that the critics are 
indulging in the old game of passing the 
buck on to the geese that squawk the least. 
Engineers undoubtedly are less well organ- 
ized than the members of other major pro- 
fessions, such as the medical and the legal 
and hence the little squawking that we do at 
times is perfunctory and in no way compar- 
able to the unanimity of the 10,000,000- 
decibel squawk that comes from the throat 
of the American Medical Association, for 
instance, whenever it is pricked with a pin. 
_ So that, far from swelling with pride at 
the suggestion that we must become a body 
of cure-all practitioners, we should, in the 
interest of tolerance, earnestly struggle 
against the natural impulse to laugh in our 
critics’ faces. For the underlying weakness 
of their case lies in the fact that they 
almost wholly lack acquaintance with 
engineering problems and, typical of the 
clan of critics the world over, they find it 
far easier to stand without and grimace, and 
denounce the inner workings of a thing, 
than to take the trouble to learn something 
about what they are denouncing, and per- 
haps offer some constructive suggestions. 
- What they believe, no doubt, is that 
history and political science can be neatly 
and conveniently contained in a hypoder- 
mic syringe of some form, to be injected 
into the arm or leg of the student engineer 
at will, and in zero time. Because, if they 
have the slightest inkling of what they talk 
about, they must recognize the fact that 
the engineering school curriculum of 4 
years falls far short of supplying the student 
with even adequate engineering training, 
and that at least another 2 years would be 
necessary to fulfill this primary requisite. 
They should know, too, that anything less 
than 6 years special study in the social 
sciences is wholly inadequate, and if they 
can add 6 and 6, they might get 12.. Now 
12 years of organized study, besides tending 
to create academicians and school teachers, 
is an expensive proposition, and such a 
course would leave the engineering pro- 
fession open to rich men only (which, in 
itself, might not be a bad idea!). Further, 
the field of inquiry of pure engineering is so 
intricate and broad that only the best 
minds available can cope with it in a reason- 
ably intelligent manner, and any scheme 
that calls for a mind able to cope with it, 
plus the problems of 4 or 5 other profes- 
sional groups that can’t even handle their 
own, is sheer nonsense, and unworthy of 
even the third-rate politicians who voiced it. 

This is not to say that we, as a profession, 
are totally disinterested in society’s prob- 
blems. On the contrary, it is my belief 
that the engineer, in general, has a keener 
appreciation of the issues involved than 
have any other professional groups, and we 
would be more than happy to assist the 
nation’s statesmen in their work. But the 
trouble is that politicians take to sound 
advice in precisely the same manner that a 
gagging infant takes to cod liver oil. Past 
experience has demonstrated amply the in- 
advisability of administering counsel in 
any but infinitesimal doses, and the chances 
are about to i against the lawmaker 
digesting even those. 

Very truly yours, 


RicHArD B. KaurMan (A’35) 


54' Wendell Avenue, 
Pittsfield, Mass. 
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Wave Forms in 
Frequency-Iripling Transformers 


To the Editor: 


In the July 1936 issue of ELecrricaL 
ENGINEERING the paper ‘‘Frequency Trip- 
ling Transformers,’ by J. L. Cantwell, 
shows the characteristics of one method of 
frequency tripling. |The purpose of this 
letter is to show oscillograms of the wave 
forms of voltages and currents in Cant- 
well’s frequency-tripler circuit. 

Three similar transformers, with rated 
primary and secondary voltages of 110, 
were connected as shown in figure 1. Since 
the fundamental input line-to-neutral volt- 


age was 235/ Vv. 3, or 136 volts, the transform- 
ers were operated at flux densities some- 
what above normal. As shown in Cant- 
well’s paper, this increase of flux density 
above normal increased the amount of the 
third-harmonic voltage output. 

With no load on the secondary the 
third-harmonic output voltage was 206. 
The wave forms of the primary line-to- 
neutral voltage and the primary line current 
for this condition are shown in the oscillo- 
gram of figure 2. The voltage wave con- 
tains a very prominent third harmonic. 
The current wave contains a noticeable 
fifth harmonic. 

When a resistance load was connected 
to the output terminals the output voltage 
dropped rapidly with an increase of output 
current. The voltage decreased from 206 
volts at no load to 103 volts for a load cur- 
rent of 0.78 ampere. The wave forms for 
this load condition are shown in the oscillo- 
gram of figure 3. 

In order to make easier the comparison of 
wave forms for no load and for some load, 
the oscillogram of figure 4 was taken. This 
oscillogram shows the wave forms of figures 
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Fig. 1. Diagram of a frequency-tripling 


circuit 


line-to- 


Fig. 2. Oscillogram of primary 

neutral voltage and line current with no load 

on the secondary of the frequency-tripling 
circuit 


¢Pi—Primary phase voltage 

iZi—Primary line current 

l1a—2.02 amperes, effective 

A unlt length equals 5.13 amperes and 445 volts (the 
base of 1/2 cycle is taken as a unit length) 
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2 and 3 in the correct phase positions rela- 
tive to each other, and to the same scales. 

Figure 4 shows that as the output cur- 
rent is increased the magnitude of the third- 
harmonic component of the voltage and 
the peak value of voltage are reduced. 
As the output current is increased the pri- 
mary line current is changed somewhat in 
wave form, and its peak value is increased. 

When a 4.73-microfarad capacitor was 
connected in series with the resistance load 
the wave forms became those shown in 
figure 5. In this case the voltage across the © 
resistance load dropped only to 162 volts 
at a current of 1.45 amperes. 

It is of interest to note that the output 
current 7g; appears to contain a component 
which is a third harmonic with respect to it. 
This component thus is a ninth harmonic 
with respect to the fundamental. 

The oscillogram of figure 6 shows the 
wave forms of figures 2 and 5 in the cor- 
rect relationship with respect to each other. 
The wave 77; represents the same current in 
both figures 2 and 6 but the scale is not the 
same in each case. 

Figure 6 shows that the use of a capacitor 
in series with the load increases the magni- 


Fig. 3. Oscillogram of primary line-to- 
neutral voltage, primary line current, and 
output current, with a resistance load 


é€P2—Primary line-to-neutral voltage 
iL2—Primary line current 

IL2—2.24 amperes, effective 

iS82—Output current 

|S2—0.78 ampere, effective 

A unit length is 5.13 amperes and 445 volts 


Fig. 4. Oscillogram of primary  line-to- 

neutral voltages and primary line currents 

at no load and under load; output current 
under load conditions 


¢Pi—Primary line-to-neutral voltage at no load 
€P2—Primary line-to-neutral voltage under load 
iZi—Primary line current at no load 

[Ii—2..02 amperes, effective 

iLz—Primary line current under load 

[L2—2.24 amperes, effective 

jSz—Output current 

!S2—0.78 ampere, effective 

A unit length is 5.13 amperes and 445 volts 
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Fig. 5. Oscillogram of primary line-to- 

neutral voltage, primary line current, and out- 

put current, with a capacitor in series with the 
resistance load 

€P3—Primary line-to-neutral voltage 

jLs—Primary line current 

lLs—2.7 amperes, effective 


iSs—Output current 
A unit length equals 9.1 amperes and 445 volts 


line-to- 
neutral voltages and primary line currents at 


Fig. 6. Oscillogram of primary 


no load and under load; output current 
under joad. conditions 

e€Pi—Primary line-to-neutral voltage at no load 

€Ps—Primary line-to-neutral voltage under load 

iLi—Primary line current at no load 

IZ1—2.02 amperes, effective 

iL3s—Primary line current under load 

lLs—2.7 amperes, effective 

iSs—Output current 

Iss—1.45 amperes, effective 

A unit length is 9.1 amperes and 445 volts 


tude of the third-harmonic component of the 
primary line-to-neutral voltage and also 
the peak value of the voltage. The primary 
line current is changed in wave form and 
its peak value is increased appreciably. 

The point made by Cantwell regarding 
possible overvoltages, when a capacitor is 
used, is an important one. At one time 
the writer connected a 10-microfarad ca- 
pacitor across an open corner of the delta on 
3 110-volt transformers. The voltage 
across the capacitor was found to be more 
than 1,110 volts. 

The transformers used in obtaining the 
oscillograms shown in this letter were not 
designed to be used as frequency triplers. 
The exciting currents are rather large in 
comparison with the output current, but 
the general nature of the wave forms in a 
frequency tripler can be predicted from the 
oscillograms shown. 


Very truly yours, 
G. V. MUELLER (A’29, M’35) 


Assistant Professor of 
Electrical Engineering, Purdue 
University, Lafayette, Ind. 
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Qualitative Analysis 
of Self-Excited A-C Generator 


To the Editor: 


An article in the May 1935 issue of ELEc- 
TRICAL ENGINEERING on the subject of self- 
excited a-c generators of the induction 
type gave what may be regarded as an intro- 
duction outlining the possibilities of using a 
squirrel-cage induction motor as a generator 
by connecting suitable capacitance across 
the terminals and driving the machine 
mechanically. It may be inferred from 
this article that the electrical losses plus the 
load are supplied from the mechanical 
input; but it is not made clear just how the 
conversion from mechanical to electrical 
energy occurs. Also, the question of what 
determines the output frequency is not 
satisfactorily answered. 

It is not sufficient explanation of the 
operation of such a machine merely to say 
that the capacitance draws a leading cur- 
rent (resulting from residual magnetism 
voltage) which is magnetizing, and there- 
fore the initial voltage increases. This 
does not take into account the function of 
the rotor conductors. The operation may 
be partially explained by saying that a sali- 
ent-pole rotor less conductors may build up 
on capacitive load without d-c excitation; 
and that the bars in a cylindrical squirrel- 
cage rotor tend to carry the flux around the 
air gap so that it cuts the stator conductors 
just as the salient-pole rotor does (except 
for slip necessary to have this effect). 

Such an explanation is helpful but does 
not explain matters completely. 

A concept of all the phenomena involved 
undoubtedly may be obtained by several 
different approaches. One approach, 
which would be of most value quantita- 
tively no doubt, would be to set up equations 
for all voltages and currents and fluxes, 
applying Kirchoff’s laws for the final solu- 
tion. However, the following nonmathe- 
matical approach probably is as simple as 
any other concept. 

Consider first a squirrel-cage induction 
motor less squirrel cage; in other words a 
wound stator with a cylindrical laminated- 
iron rotor and no rotor conductors. The 
stator then is merely an iron-core reactance 
with an air gap. A single-phase winding is 
taken for simplicity. 

Now if a charged capacitor is connected 
across the terminals, its energy is dissipated 
through an oscillatory discharge, damped 
by the stator resistance. If resistance is 
neglected, the frequency of the current 
flowing will be given by 


1 
fo = 2rvV/ LC 


Now suppose rotor bars are introduced 
and the rotor is driven at a speed 


2 X 60fo 


RPM = 
Im 


where P is the number of poles. 

The rotor revolving at synchronous 
speed will of course cut the flux produced 
by the stator resulting from the current 
flowing of frequency fo when the charged 
capacitor is connected. The result will be 
merely to set up a cross field, and instead 
of the flux involved in determining the 
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inductance L being a pulsating flux, it is 
now rotating. This rotating field, however, 
supports a voltage of the same frequency 
and magnitude as a pulsating flux of the 
same maximum amplitude. The voltage 
in either case is 


E = Ké¢ sin 2zfot 


where K is a constant and ¢ is time. 

It is probably beside the point to discuss 
whether such a condition is stable; that is 
whether the capacitor discharges just as 
though the rotor had no conductors. The 
situation is complicated by the stator and 
rotor resistance always present in the 
practical case. 

Now suppose the rotor is driven at a 
speed slightly above synchronous speed as 
previously defined. This means that if the 
stator flux continues to rotate at the fre- 
quency fo there is a slip resulting in low- 
(slip) frequency rotor current. Since the 
rotor conductors are pushing ahead, the 
slip current in the bars has a magnetizing 
effect. The effect of this will be to increase 
the flux ¢o. 

Now this condition may be regarded as 
increasing the inductance of the stator 
winding. This in turn reduces the natural 
period of oscillation, and a new frequency 
of current through the capacitor exists; 
that is, 


1 


2 
CS (RP oe 
where L, is the effective increased induct- 
ance due to magnetizing effect of rotor 
current. 

This means that the slip of the field as 
compared with rotor speed increases, which 
in turn enlarges the slip current and the 
magnetizing effect of the rotor conductors. 
A “vicious circle” results, until the machine 
either loads to saturation or the torque 
exceeds the capacity of the driver and the 
speed drops. Since the stator current is 
flowing at resonant frequency, it is limited 
only by the circuit resistance. : 


In many practical cases harmful results 


will appear, such as building up of voltage 
sufficient to cause failure of the capacitor, 
breakdown of generator insulation, or over- 
heating of generator. In a capacitor type 
of motor with certain types of connections, 
circulating currents may be caused by this 
generating action, which produces a large 
negative torque preventing the motor from 
pulling up to speed. 

It would seem desirable to have means 
available to control frequency of generator 
output, and output voltage. Perhaps the 
easiest method of controlling frequericy is 
the use of a salient-pole rotor. This would 
also tend to control voltage build-up, since 
the ‘‘vicious circle’ outlined previously 
would not exist. 

Next, in order to have dependable build- 
up, a small d-c excitation or a permanent 
magnet might be introduced. 

The net result is an a-c generator or mag- 
neto with a capacitor across the terminals 
or perhaps in series with the load to hold up 
or boost the delivered voltage. Such an 
arrangement is, of course, by no means new. 

Very truly yours, 


CuHarRLeEs T. Button (A’26) 


Sales Engineer, The Holtzer-Cabot 
Electric Co., Boston, Mass. 
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F. L. Hunr (A’05, F’17) director of 
economics and engineering of Western 
Massachusetts Companies, Greenfield, 
Mass., has been elected vice-president of 
that association and of each of its constit- 
uent utility companies, and assigned the 
duty of general charge of operations of 
those companies. Mr. Hunt was born 
at Delta, Iowa, in 1879, and was graduated 
from the University of Nebraska with the 
degree of bachelor of science in electrical 
engineering in 1902. Following his grad- 
uation he spent 3 years in the testing de- 
partment of the General Electric Company, 
Schenectady, N. Y. In 1905 he was trans- 
ferred to the Boston, Mass., offices of the 
General Electric Company, where he was 
in charge of construction work in New 
England, and later assistant district en- 
gineer. In 1913 Mr. Hunt accepted the 
position of chief engineer of the Turner 
Falls Power and Electric Company and 
allied companies in Greenfield, Mass., and 
in 1927 when Western Massachusetts 
Companies was formed, including the 
Turner Falls Power and Electric Company, 
United Electric Light Company, Pitts- 
field Electric Company, and the Green- 
field Electric Light and Power Company 
(now Western Massachusetts Electric Com- 
pany), Mr. Hunt was appointed director 
of economics and engineering of those 
companies. He has served the Institute as 
a member of the committees on protective 
devices, 1914-16 and 1919-29; standards, 
1923-32; and meetings and papers (now 
technical program), 1926-28. Mr. Hunt 
is the author of several Institute papers. 


A. C. ScowaGerR (A’24, M’31) formerly 
chief engineer of the Pacific Electric Mfg. 
Corporation, San Francisco, Calif., has 
been elected vice-president in charge of 
engineering. Mr. Schwager, born in Switz- 
erland in 1899, completed his general and 
technical education and began his pro- 
fessional career in that country as a techni- 
cal assistant in the test laboratory of the 
Electric Manufacturing Company, at Oer- 
likon. Later, during 1922-23, he served 
as assistant professor at the Institute of 
Technology in Zurich. He came to the 
United States in 1923, whereupon he 
joined the staff of the Electrical Testing 
Laboratories, New York, N. Y., as a tech- 
nical assistant on high-voltage cable re- 
search, but in the following year transferred 
his affiliation to the New York Edison 
Company, where he served as a draftsman 
on power-plant and substation design. 
During 1925-26 he continued the same 
type of work with the Pacific Gas and 
Electric Company, San Francisco, Calif. 
Since 1926 Mr. Schwager has been associated 
continuously with the Pacific Electric Mfg. 
Corporation, first as test engineer in charge 
of the test laboratory and successively as 
executive engineer in charge of the en- 
gineering department, as design engineer 
in charge of oil circuit breaker design, and 
as chief electrical engineer. In 1931 he 


APRIL 1937 


was appointed chief engineer of the com- 
pany. Mr. Schwager has contributed lib- 
erally to technical literature by means of 
articles in trade periodicals and through 
several papers presented before the Insti- 
tute. 


WALTER Carr (A’14, M’17) who was 
elected a vice-president of the Connecticut 


‘Railway and Lighting Company, Bridge- 


port, in 1936, recently was elected a director 
of the company, and now is in charge of the 
company’s operations. Mr. Carr was born 
October 27, 1888, at Fredericton, N. B., 
Canada, and was graduated from Stevens 
Institute of Technology with the degree of 
mechanical engineer in 1910. Upon gradua- 
tion he entered the employ of the General 
Electric Company, Lynn, Mass., as a test 
engineer, and remained there for one year 
before returning to Fredericton to become 
superintendent of the municipal lighting 
plant of that city. In 1912 Mr. Carr ac- 
cepted a position with the United Gas Im- 
provement Company, Philadelphia, Pa., 
and remained for more than 24 years, during 
which period his work consisted of the de- 
sign, construction, and operation of street 
railway and motor-coach facilities. 


F. W. MacNetrty (A’11, M’22) district 
sales engineer for the Canadian General 
Electric Company, Vancouver, B. C., re- 
cently was elected to the council of The 
Engineering Profession in British Colum- 
bia to represent the electrical engineers of 
the province. Mr. MacNeill was born 
at Ormond, Ont., Canada, in 1882, and 
received a diploma in mechanical and 
electrical engineering from the faculty of 
applied science of the University of Toronto 
in 1907. During the following year he 
pursued postgraduate work at the same 
institution and received the degree of 
bachelor of applied science. Upon gradua- 
tion in 1908, Mr. MacNeill entered the 
employ of the Canadian General Electric 
Company, and for 2 years was engaged in 
electrical testing and design at the Peter- 
boro, Ont., works of that company. In 
1910 he was made sales engineer in the 


Toronto offices of that company, but in 
the same year was appointed district sales 
manager for Alberta and eastern British 
Columbia. He has held his present position 
as district sales engineer for the Province 
of British Columbia since 1917. Mr. 
MacNeill was chairman of the Institute’s 
Vancouver Section during 1923-24. 


E. H. Corritts (A’11, F’12) vice-presi- 
dent of the Bell Telephone Laboratories, 
Inc., New York, N. Y., has retired from 
active service. Doctor Colpitts was born 
January 19, 1872, at Point du Bute, N. B., 
Canada, and received the degree of bachelor 
of arts at Mt. Allison College (1893) and 
Harvard University (1896); in 1897 he re- 
ceived the degree of master of arts at Har- 
vard. He continued his work in the Har- 
vard graduate school for 11/2 years, but 
received no further degree; however, in 1926 
Mt. Allison College conferred upon him the 
honorary degree of doctor of laws. After 
terminating his graduate work in mathe- 
matics and physics he entered the employ 
of the American Bell Telephone Company, 
being engaged in research problems in tele- 
phone transmission. A few years later, 
when this department was merged with the 
engineering department of the American 
Telephone and Telegraph Company, Doc- 
tor Colpitts continued with the new com- 
pany until 1907, when he was transferred to 
the engineering department of the Western 
Electric Company, New York. In 1917 
he became assistant chief engineer of that 
company, and in 1924 was elected assistant 
vice-president of the American Telephone 
and Telegraph Company. He became 
vice-president of the Bell Telephone Labora- 
tories in 1933. Doctor Colpitts has been 
granted many patents, and is the author of 
numerous technical papers. He served the 
Institute as a member of the committee 
on standards, 1916-17; telegraphy and 
telephony (now communication), 1919-24; 
and research, 1922-37. He is a member of 
the Institute of Radio Engineers, the Ameri- 
can Physical Society, and several other tech- 
nical organizations. 


B. W. DUNKELBURGER, JR. (A’36) for- 
merly technician and supervisor in the 
visual instruction department of North 
Dakota State College, Fargo, now is prin- 
cipal of The Northwood (N. D.) High 
School. Mr. Dunkelburger received the 
degree cf bachelor of science in education 
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at North Dakota State College in 1936, 
and during his undergraduate training 
acted as assistant principal and dean of 
the Boys Agricultural and Mechanics Arts 
High School, conducted by North Dakota 
State College. 


W. L. Wuyte (A’35) until recently 
stationed at Ceara, Brazil, with the Ceara 
Tramway, Light, and Power Company, 
Ltd., recently accepted an appointment as 
technical adviser in electrical matters to 
the Uganda Government. Mr. Whyte 
has had broad experience in electrical 
construction and operation in Argentina, 
Brazil, Great Britain, and the Federated 
Malay States. He is a member of the 
Institution of Electrical Engineers (Great 
Britain). 


B. E. ANDERSON (M’35) formerly as- 
sistant electrical engineer in the Public 
Works Department, United States Navy 
Yard, Mare Island, Calif., now is employed 
by the Phoenix Engineering Corporation, 
New York, N. Y. Mr. Anderson, a native 
(1896) of Colorado Springs, Colo., has had 
wide experience in public utility work in 
the United States and abroad. 


Jack DELMONTE (A’36) has resigned his 
position as junior electrical engineer at the 
naval aircraft factory, United States Navy 
Yard, Philadelphia, Pa., to accept a posi- 
tion as laboratory technician inthe en- 
gineering research laboratories of the Fire- 
stone Tire and Rubber Company, Akron, 
Ohio. 


W. A. STELZER (A’34) who has been an 
electric dredge engineman, United States 
Engineers, Fort Peck, Mont., now is em- 
ployed as a draftsman in the electrical 
engineering department of the Common- 
wealth and Southern Corporation, Jackson, 
Mich. 


F. M. Farmer (A’02, F’18, director) 
vice-president and chief engineer, Electri- 
cal Testing Laboratories, New York, N. Y., 
has been appointed a member of the In- 
stitute’s executive committee to fill the 
unexpired term of the late Junior Past- 
President E. B. Meyer. 


J. S. Brown (A’23, M’31) who has been 
employed in the survey department of the 
Potomac Electric Power Company, Wash- 
ington, D. C., now is employed in the elec- 
trical engineering department of the Du- 
quesne Light Company, Pittsburgh, Pa. 


H. W. RicuTer (A’36) formerly a de- 
signer for the Dormeyer Manufacturing 
Company, Chicago, Ill., now is employed 
as an electrical engineer for the Allen Elec- 
tric and Equipment Company, Kalama- 
zoo, Mich. 


L. A. Heicesson (A’34) formerly as- 
sistant engineer in the steam heat depart- 
ment of the Northwestern Electric Com- 
pany, Portland, Ore., has resigned to accept 
a position in the engineering department 
of L. R. Teeple Company, Portland. 
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R. L. Smita (M’34) formerly an elec- 
trical engineer for the Buffalo, Niagara, 
and Eastern Power Corporation, Buffalo, 
N. Y., now is employed by the Stone and 
Webster Engineering Company, Boston, 
Mass. 


L. B. Ecxxes (A’36) formerly an elec- 
trical designer for the Consumers Power 
Company, Jackson, Mich., recently ac- 
cepted a position as associate engineer 
with the Jowa Agricultural Business 
Corporation Service, Des Moines. 


J. K. Moore (A’36) who has been an 
electrical engineer for the Hydroelectric 
Commission of the State of Oregon, Salem, 
now is employed by the Eastern Oregon 
Light and Power Company, Baker. 


E. J. Ramarey (A’32) formerly senior 
rodman, United States Bureau of Public 
Roads, Denver, Colo., now is engaged in 
research work at Battelle Institute, Colum- 
bus, Ohio. 


I. E. Movuromtserr (A’25) research 
engineer, Westinghouse Electric & Manu- 
facturing Company, East Pittsburgh, Pa., 
has been transferred to the lamp division 
of that company at Bloomfield, N. J. 


RoBERT MacDonatp (A’28) formerly 
power engineer for Ericcson Telephones, 
Ltd., Beeston, Nottingham, England, now 
is employed by the Western Electric Com- 
pany, Kearny, N. J. 


E. D. Lirja (A’31) formerly an electrical 
engineer with Barber-Colman Company, 
Rockford, Ill., now holds a similar position 
with the Woodward Governor Company, 
Rockford. 


F. R. Marton (A’26) has been transferred 
from the operating engineering department 
of Electrical Research Products, Inc., New 
York, N. Y., to the Western Electric Com- 
pany, Kearny, N. J. 


Obituary 


WitiramM =STANTON Twintnc (A’05, 
M’ 18) retired engineer, Ambler, Pa., died 
February 8, 1937. Mr. Twining was born 
February 20, 1865, near Titusville, Pa., 
attended Cornell University, and was 
graduated from Allegheny College in 1887, 
as a civil engineer. During the 3 following 
years he remained at Allegheny College 
as an instructor in chemistry and engineer- 
ing, and in 1890 entered the railway en- 
gineering department of the Thomson- 
Houston Company at Boston, Mass., where 
his work consisted of power-station design 
and construction. In 1901 he was en- 
gaged as assistant engineer for the Union 
Railway Company and the Interborough 
Rapid Transit Company, New York, N. Y., 
and remained in that position until 1903, 
when he transferred his affiliation to the 
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Peoples Traction Company, Philadelphia, 
Pa. In 1905 Mr. Twining was appointed 
chief engineer of that company and its 
successor, the Union Traction and Phila- 
delphia Rapid Transit Company, in which 
position he was in general charge of all 
engineering work. From 1910 to 1914 he 
served as engineering manager for the con-. 
sulting engineering firm of Ford, Bacon, 
and Davis, New York, N. Y. He then 
returned to Philadelphia to become the 
first director of transit of that city. Mr, 
Twining retired from active service in 
1925. 


EUGENE L. ALEXANDER (A’35) formerly 
an electrical draftsman for the New York 
(N. Y.) Rapid Transit Corporation, died 
November 1, 1936, according to word just 
received at Institute headquarters. Mr, 
Alexander was born October 1, 1882, at 
Tiflis, Russia, and received the degree of 
electrical engineer from the University of 
Liege (Belgium) and the Electrical In- 
stitute of Emperor Alexander III (Russia) 
in 1908 and 1910, respectively. Following 
his graduation he was appointed assistant 
superintendent of the electrical department 
of the Steel, Locomotive, and Shipbuilding 
Works, Soromovo, Russia, and remained 
in that capacity until 1914, when he was 
made superintendent of the electrical power 
plant and assistant superintendent of the 
electrical department in the Metallurgical 
Corporation of Nicopol Marioupol. Dur- 
ing the year 1918-19 Mr. Alexander was 
superintendent of the municipal electric 
plant of the City of Marioupol, Russia, and 
in the following year he accepted a position 
as assistant superintendent of a central 
station of the Compagnie Ottomane d’ 
Electricité, Constantinople, Turkey. In 
1925 he came to the United States and 
entered the employ of The New York 
(N. Y.) Edison Company as an electrical} 
draftsman. In 1928 he transferred to the 
New York Rapid Transit Company in a 
similar position. 


WALTER EDWARD Bare (A’29) general 
commercial manager of the Southern Bell 
Telephone and Telegraph Company, At- 
lanta, Ga., died February 5, 1937. Mr. Bare 
was born September 22, 1882, at Lexington, 
Va., and was educated in private schools. 
in Florence, Ala. He entered the employ 
of the Southern Bell Telephone and Tele- 
graph Company as a lineman in 1903 and 
served that company continuously, except 
for a brief service in the United States Army 
during the World War. 


plants of the company, and in 1919 was 
promoted to district manager in the Mont- 
gomery, Ala., offices. During 1921-23 he 
held a similar position in the Birmingham 


From 1905 to 
1916 he acted as manager of various locak 


offices before being appointed Alabama 


state manager for the company. Mr. 
Bare became commercial manager in 1930. 


FREDERICK A. SCHEFFLER (A’93, M’96, 


F’12, member for life) retired electrical 
engineer, formerly connected with The Bab- 
cock & Wilcox Co., New York, N. Y., died 
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February 23, 19387. Mr. Scheffler was 
born December 20, 1858, at Galion, Ohio, 
and was graduated from the Paterson (N. J.) 
Seminary in 1871, following which he was 
associated briefly with several companies, 
including the Rhode Island Locomotive 
Works, Brown and Sharpe, and the Harris 
Corliss Engine Company, before joining 
the Edison Electric Light Company, New 
York, N. Y., in 1881. He was placed in 
charge of the engineering department of 
the Edison company, and in that capacity 
designed an electric locomotive used in 
experimental work by Thomas A. Edison 
(A’84, M’84, HM’28, John Fritz Medalist 
708). In 1885 Mr. Scheffler became super- 
intendent of the Erie City Iron Works, 
Erie, Pa., which position he held for 5 years 
before resigning to become acting general 
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superintendent of the Westinghouse Electric 
& Manufacturing Company, East Pitts- 
burgh, Pa., in 1889. Later he served as 
general superintendent of the Brush Elec- 
tric Company (1891-93), the Sprague 
Electric Company (1899-1900), and the 
Marine Engineering and Machinery Com- 
pany (1902-04). Mr. Scheffler was affili- 
ated with The Babcock & Wilcox Co. and 
its subsidiary companies for many years. 
He served the Institute as a member of 
the committee on power stations from 
1916 to 1919 and from 1922 to 1935, and 
as a member of the special committee on 
the Edison Memorial during 1932 and 
the Edison Medal committee, 1913-18, 1922- 
27, and 1930-33. He was a member of 
The American Society of Mechanical 
Engineers. 


Recommended 
for Transfer 


The board of examiners, at its meeting on March 
17, 1937, recommended the following members for 
transfer to the grade of membership indicated. 
Any objection to these transfers should be filed at 
once with the national secretary. 


To Grade of Fellow 

Baldwin, R. L., consulting engineer, Burns and 
McDonnell Engineering Company, Kansas 
City, Mo. 

Conrad, Frank, assistant chief engineer, Westing- 
house Electric & Manufacturing Company, 
East Pittsburgh, Pa. 

2 to Grade of Fellow 


To Grade of Member 


Anderson, C., headquarters sales and application, 
instruments and measuring devices, Westing- 
house Electric and Manufacturing ‘Company, 
Newark, N. J. 

Balch, E. C., chief engineer, Michigan Bell Tele- 
phone Company, Detroit, Mich. 

Balet, J. W., engineer, Consolidated Edison Com- 
pany of New York, Inc., New York, N. Y. 
Boehne, E. W., design engineer, General Electric 

Company, Philadelphia, Pa. 

Bronaugh, J., sales representative, Allis-Chalmers 
Manufacturing Company, Richmond, Va. 
Carroll, J. S., associate professor, electrical engi- 
teeta department, Stanford University, 

ali 

Gardner, J. E., electrical engineer, Chicago, Bur- 
lington and Quincy Railroad Company, Chi- 


cago, Ill. : 
Joboolian, E., squad boss, Gibbs and Hill, New 
York, N. Y. 


Johnson, Ga ., chief engineer and general mana- 

i ger, The Central Nebraska Public Power 
and Irrigation District, Hastings, Neb. 

King, R. T., industrial power representative, Public 
Service Electric and Gas Company, Trenton, 


N. 

Logan, & H., senior electrical engineer, National 
Bureau of Standards, Washington, D.C. 

McCormack, J. E., distribution engineer, New York 
and Queens, Electric Light and Power Com- 
pany, Flushing, N. Y. 

Michaels, A. P., consulting engineer, A. P. Michaels 
Bngineering Firm, Orlando, Fla. 

Walker, E. W., proprietor, E. W. Walker, Birming- 
ham, England. 

Zangler, R. M., standardization of mfg. practices 
and engineering data, Anaconda Wire and 
Cable Company, Hastings-on-Hudson, N. Y. 

15 to Grade of Member 


Applications 
for Election 


Applications have been received at headquarters 
from the following candidates for election to mem- 
bership in the Institute. If the applicant has ap- 
plied for direct admission to a grade higher than 
Associate, the grade follows immediately after the 
name. Any member objecting to the election of 
any of these candidates should so inform the na- 
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tional secretary before April 30, 1937 or June 30, 
1937, if the applicant resides outside of the United 
States or Canada. 


PDEA, A., 579 East 140th Street, New York, 


Adams, J. T. (Member), Public Service Company of 
Oklahoma, McAlester, Okla. 

Alenius, E., Bell Telephone Laboratories, Inc., New 

ork, N. Y. 

Allen, T. O., Humble Oil and Refining Company, 
Anahuac, Texas. 

Anders, R. 1D), Philadelphia Electric Company, 
Phoenixville, Pa. 

Ane CB: , 313 Public Service Building, Tulsa, 

a 


Angier, J. F., National Bureau of Standards, 
Washington, D. C. 

Anthony, B. M., Tennessee Valley Authority, Wil- 
son Dam, Ala. 

Arnn, E. L., General Electric Company, Philadel- 


phia, Pa. 
Aruck, M., Bell Telephone Laboratories, Inc., New 
York, We 


Babcock, K. L., Underwood Elliott Fisher Com- 
pany, Hartford, Conn. 

Babin, B. P., Westinghouse Electric & Manufactur- 
ing Company, New Orleans, La. 

Bader, R. D., Philadelphia Storage Battery Com- 
pany, Philadelphia, Pa. 

Bailey, A. (Member), American gee and 
Telegraph Company, New York, N. 

Balfour, M. W., Public Service Company & North- 
ern Illinois, Chicago, Ill. 

Banks, J. F., Commonwealth Edison Company, 


Saeue Ill. 
aa eae , Jr., 1153 N. Dearborn Street, Chicago, 
ll 


Barrett.) W. G., 10 West 90th Street, New York, 


Basore, N. D., Public Service Company of Okla- 
homa, Hartshorne, Okla. 

Baum, D. C., 5001 Goodridge Avenue, Riverdale- 
on-Hudson, N. Y. 

Bazak, H. V., Consolidated Bdison Company of 
New York, Inc., New York, N. Y. 

Beatty, ee University of Kentucky, Lexington, Ky. 

Beck, J. M., Jr., Westinghouse Electric and Manu- 
facturing Company, Wichita, Kans. 

Behm, T. R., Synaciige Lighting Company, Syra- 
cuse, N. 

Behrens, H. Te Consolidated Edison Company of 
New York, Inc., New York, N. Y. 

Bejarano, J. R., 87 Grove Street, Lynbrook, N. Y. 

Bell, R. O., 1501 South 77th Street, Milwaukee, 
Wis. 

Benson, B. T., Foreign and Domestic Commerce, 
Washington, D. C. 

Bernard, W. B., 1407 West University Avenue, 
Gainesville, Fla. 

Bingham, W. H. (Member), Westinghouse Electric 
Supply Company, New York, N. Y. 

Birmingham, Paul V., 1285 Oak Grove Avenue, 
Burlingame, Calif. 

Bischof, L. J., General Electric Company, New 
York, N. Y. 

Bishop, R. H. (Member), Public Servic Company 
of Oklahoma, Tulsa, Okla. 

Blom, L. A., 2306 N. Knox, Chicago, III. 

Boehr, J. W., Westinghouse Electric and Manufac- 
turing Company, Sharon, Pa. 

Borton, J. R., Puget Sound Power and Light Com- 
pany, Seattle, Wash. 

Bossard, G. E., General Kontrolar Company, Inc., 
Dayton, Ohio. 
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Bottum, E. L., Carnegie Illinois Steel Corporation | 
Gary, Ind. 

Boyd, A. G., General Electric Company, Schenec- 
tady, N. WV 

Bradstock, M. C., General Electric Company, 
Cleveland, Ohio. 

Brazeel, J. P., Public Service Company of Okla- 
homa, Okemah, Okla. 

Brewer, L. G., Montana Power Company, Havre, 
Mont. 

Brewer, R. D., Ford Motor Company, Dearborn, 


ich, 

Bridegam, W. J., E. M. Gilbert Engineering Cor- 
poration, Reading, Pa. 

Brignac, E. M., Industrial Electric Company, New 
Orleans, La. 

Brody, E. W., Line Material Company, South Mil- 
waukee, Wis. 

Brown, J. G., General Electric Company, Schenec- 
tady, N. Wc 

Brown, J. T., Jr., Carolina Power and Light Co., 
Raleigh, N.C. 

Burleigh, C.LeM., Jr., Harvard Business School, 
Boston, Mass. 

Campbell, R. P., Tennessee Valley Authority, Wil- 
son Dam, Fla. 

Carioni, H. M., Canadian Westinghouse Company, 
Ltd., Hamilton, Ont. 

Carlberg, H. A., Wisconsin Public Service Corpo- 
ration, Green Bay, Wis. 

Carroll, D. R., Bell Telephone of Pennsylvania, 
Pittsburgh, Pa. 

Chambers, M. A., Standard Oil Company, Shreve- 
port, La, 

Cherry, J. S., Westinghouse Electric and Manufac- 
turing Company, East Pittsburgh, Pa. 

Clough, F. P., Y. M. C. A., 8 East 3rd Street, New 
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Cobert, C. S., Clark Controller Company, Cleve- 
land, Ohio. 

Coho, O. C., Jr., General Electric Company, 


Schenectady, ING So 
Coleman, I. M., 581 Academy Street, New York, 
N. Y. 


Colquhoun, W. H., a care of Maurice R. Scharff, 
New York, N. 

Connolly, D. 13 738 Webster Avenue, New York, 
N. Y. 


Contardi, A., Jr., 959 Middlesex Avenue, Metuchen, 
N 


Cooper, D. T., Brown Instrument Company, Phila- 
delphia, Pa. 

Crooks, W. E., 41 Duggan Avenue, Toronto, Ont., 
Canada. 

Crosby, T. H., Canadian Westinghouse Company, 
Ltd., Vancouver, B. C., Canada. 

Dalrymple, H. C., 46 Colony Drive East, West 
Orange, N. J. 

Darrah, M. D., 4417 Swiss Avenue, Dallas, Texas. 

Deardorff, R. W., Pacific Telephone and Telegraph 
Company, Portland, Ore. 

DeBlois, W., Lincoln Electric Company, Boston, 


Mass. 
deCarrera, R., General Electric Company, Schenec- 
tady, N Y. 


Desrurece H. E., Square D Company, New York, 


Dermond, F., Bell Telephone Laboratories, Inc., 
New York, We Xe 

Dice eraS jel. Gs General Electric Company, Lynn, 

ass 

Dingman, J. E. (Member), American Telephone and 
Telegraph Co., New York, Ife A 

Doede, H. C., Swift and Company, Chicago, IIl. 

Doherty, fe E., Westinghouse Electric and Manufac- 
turing Company, East Pittsburgh, Pa. 

Dollins, C. B., Jr., Tennessee Valley Authority, 
Wilson Dam, Ala. 

Dubsky, F. H., Commonwealth Edison Company, 
Chicago, Tl. 

Dudley, R. B., The Jeffrey Manufacturing Com- 
pany, Columbus, Ohio. 

Duncan, A. H., Westinghouse Electric and Manufac- 
turing Company, Wilkinsburg, Pa. 

Ebert, K. W., 776 N. Cass Street, Milwaukee, Wis. 

Eckert, J. D., Box 67, Flagler, Colo. 

Ecklund, R. A., C. T. Main, Inc., Boston, Mass. 

Heady Ww. L., Western Electric Company, Chicago, 


Ellicott, C. R., Jr., Westinghouse Electric and Mfg. 
Co., Wilkes- Barre, Pa. 

Ellsworth, C. E., Selectric Products Corporation, 
Louisville, Ky. 

Elwood, E. S., Jr., General Electric Company, 
Schenectady, Ne. 

Emmons, P. A., Jr., 1233 North President Street, 
Jackson, Miss. 

English, G. T., Triad Radio Tube Manufacturing 
Company, Pawtucket, R. I. 

Ericson, A. E., 3950 North Farwell Avenue, Mil- 
waukee, Wis. 

Estoppey, R. F., Weston Electrical Instrument 
Corporation, "Newark, N. J. 

Ewert, A. C., Radio Station WMFJ, Daytona 
Beach, Fila. 

Fagerlund, A. C., 2918 Jefferson Avenue, Cincin- 
nati, Ohio. 

Felon, RC C., General Electric Company, Schenec- 
tady, N. 

Fails; O., General Electric Company, Pittsfield, 
Mass. 

Feinberg, E., 3255 Cortland Avenue, Detroit, Mich. 

Feiner, J. S., 551 E. 178th Street, New York, N. Y. 

Fickel, L. V. (Member), Westinghouse Electric and 
Manufacturing Company, Tulsa, Okla. 

vege ne F., W. E. Kingswell, Inc., Washington, 


Fluke, ae M., General Electric Company, Schenec- 
tady, N 
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Foley, R. B., General Electric Supply Company, 
New York, N. Y. 

Forman, W. B., Westinghouse X-Ray Company, 
Pittsburgh, Pa. 

Forsyth, J. E., Canadian Controllers, Ltd., Toronto, 
Ont., Canada. 

Francis, F. W., Zerbe Township Public School, 
Trevorton, Pa. 

Frank, D. W., Southwestern Light and Power Com- 
pany, Lawton, Okla. 

Freas, R. L., Pennsylvania State College, Consho- 
hocken, Pa. 

Friedman, H., Mackay Radio and Telephone Com- 
pany, New York, N. Y. 

Froling, R. O., General Electric Company, Pitts- 
field, Mass. 

Fuller, A. L., Oklahoma Gas and Electric Com- 
pany, Oklahoma City, Okla. 

Fuller, M. A., Miller Rubber Company, Inc., 
Ohio. 

Fullman, J. B., Westinghouse Electric and Manu- 
facturing Co., Sharon, Pa. 

Gallagher, J. J., Narragansett Electric Company, 
North Swansea, Mass. 

Gardner, E. M., New York Telephone Company, 
New York, N. Y. 

Gerhold, R. A., Signal Engineering and Manufac- 
sun < Company, New York, N. Y. 

Gilreath, W. W,, 2510 San Antonio Street, Austin, 
tect 

Golub, E., 405 Quentin Road, Brooklyn, N. Y. 

Gould, G. G., Porcelain Products, Inc., Parkers- 
burg, W. Va. 

Gramstedt, G. M. E., Hayg Electric Company, 
New York, INE 

Green, G. M., Black, Sivalls and Bryson, Inc., 
Kansas City, Mo. 

Grigg, E. G., General Electric Company, Philadel- 
phia, Pa. 

Groenewold, A. W., Public Service Company of 
Oklahoma, Tulsa, Okla. 

Guggenbuehler, C. R., Wagner Electrical Corpora- 
tion, St. Louis, Mo. 

Std HH. 1Bah 718 North Louise Street, Glendale, 

alif. 

Hackenjost, H. F. (Member), Tennessee Valley 
Authority, Wilson Dam, Ala. 

Hanson, C. F. (Member), Irvington Varnish and 
Insulator Company, Irvington, N. J. 

ear B., Ohio Power Company, Coshocton, 

io, 

Hammer, O. S. C., Tennessee Valley Authority, 
Knoxville, Tenn. 

Hamrick, G. W., Florida Power and Light Com- 
pany, Dania, Fla. 

Harry, W. R., Bell Telephone Laboratories, Inc., 
New York, N. Y. 

Haun, R. C., Public Service Company of Okla- 
homa, Stigler, Okla. 

Haupt, G. H., Samson-United Corporation, 
Rochester, N. Y. 

Hebert, M., Jr., Gulf Oil Corporation, Port Arthur, 
Texas. 

Henderson, R. H., Minneapolis Honeywell Com- 
pany, New York, N. Y. 

Henkes, G., Jr., Public Service Company of Okla- 
homa, Henryetta, Okla. 

Bey ey A. C., 3739 Woodburn Avenue, Cincinnati, 
Ohio. 

Heyburn, R. D., Firestone Tire and Rubber Com- 
pany, Akron, Ohio. 

Higeineen, rls, 414 N. Kilkea Drive, Los Angeles, 


Akron, 


Calif. 

Hildebrandt, J. P., Humble Oil and Refining Com- 

“ pany, Harlingen, Texas. 

Hively, H. L., Jones and Laughlin Steel Corpora- 
tion, Pittsburgh, Pa. 

Hobson, C., General Electric Company, Pittsfield 
Mass. 

Hoch, E. G., Jr., Electric Heating Equipment Com- 
pany, Philadelphia, Pa. 

Holston, S. C., Liebel Flarsheim Company, Cincin- 
nati, Ohio. 

Hopper, F. E., Crocker Wheeler Electric Manufac- 
turing Company, Ampere, N. J. 

Hoss, W. B. (Member), Oklahoma Power and Water 
Company, Sand Springs, Okla. 

Howmiller, S., Harnischfeger Manufacturing Com- 
pany, Milwaukee, Wis. 

Huff, Fear? Duke Power Company, Salisbury, 
N 


Hunter, H. H., Public Service Commission of West 
Vriginia, Charleston, W. Va. 

Hunter, M. V., Bell Telephone Laboratories, Inc., 
New York, N. Y. 

Husted, E. W., Michigan Associated Telephone 
Company, Muskegon, Mich. 

Hutson, M. B., Industrial Electric Company, New 
Orleans, La. 

Insull, F. W. (Member), Southwestern Light and 
Power Company, Tulsa, Okla. 

Jacobs, Y., 626 Garrard Street, Covington, Ky. 

James, J. Re James G. Biddle Company, Philadel- 
phia, Pa. 

Jeffers, G. N., R. R. No. 1, Chilo, Ohio. 

Johnson, F. B. (Member), Commonwealth Edison 
Company, Chicago, III. 

Johnson, J. H., 826—438rd Street, Brooklyn, N. Y. 

Johnson, W. B., Ohio Brass Co., Mansfield, Ohio. 

Jones, A. L., Jr. (Member), General Electric Com- 
pany, Tulsa, Okla. 

Jones, R. H., Hartford, Electric Light Company, 
Hartford, Conn. 

Kanyuck, R. A., Bethlehem Steel Company, Spar- 
rows Point, Md. 

Kay, J. S., Pacific Gas and Electric Company, 
Chico, Calif. 

Keating, C. J., New York, Telephone Company, 
New York, N. Y. 

Keator, E. C., South Fallsburg, N. Y. 
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Keck, J. N., Moloney Electric Company, St. Louis, 
M 


to) 
Kehoe, W., City Light and Water Utilities, Fort 
Wayne, Ind. 
Kern, P. H., Western Electric Company, Chicago, 
Til. 


Kerr, W. E. (Member), Pennsylvania Transformer 
Company, Pittsburgh, Pa. 

Kessel, R. L., Cline Electric Manufacturing Com- 
pany, Chicago, Ill. 

Keyser, A. G., Jr., 1777 Lanier Place, N. W., Wash- 
ington, D.C. 

Kidd, J. A. I., Canadian General Electric, Peter- 
borough, Ont., Can. 

Klebanoff, J. H., State Highway Planning Survey, 
Sacramento, Calif. 

Klein, M., Otis Elevator Co., Yonkers, N. Y. 

Knost, C. P. (Member), Moloney Electric Co., 
Orleans, La. 

Kopenitsi, C. T., Oilgear Company, Milwaukee, 
Wis. 

Kralosky, F. B., 2622 Bartold Street, N. S., Pitts- 
burgh, Pa. 

Kulikowski, E. F., Jensen Radio Manufacturing 
Co., Chicago, Ill. 

Kyes, J. M., 1946 Washington Street, San Fran- 
cisco, Calif. 

Lane, R. K. (Member), Public Service Company of 
Oklahoma, Tulsa, Okla 

Wantz, Le E:, Jr., Jacksonburg, W. Va. 

Lawson, Ss. AS Gustav Hirsch Organization, Colum- 
bus, Ohio. 

Lee, H. B., Rural Electrification Administration 
Washington, Disc: 

Lefthes, N., 11 Ward Street, Salem, Mass. 

Legg, V. E. (Member), Bell Telephone Laboratories, 
Inc., New York, N. Y. 

Lenhardt, Wic., Bethlehem Steel Company, Corn- 
wall, Pa. 

Levine, M. E., Tung-Sol Lamp Works, Newark, 


New 


NEA 
Lobosco, R. R., Linde Air Products Company, 
Newark, N. Ne 
Lovoff, A., 3496 Anderdon Street, Detroit, Mich. 
Ludden, ip H., 80 Mill Street, Athens, Ohio. 
Lundgren, i On Kennecott ‘Wire and Cable Com- 
pany, Phillipsdale, R. I. 


MacAllister, C. C., General Electric Company, 
Lynn, Mass. 
MacKay, E. L., General Electric Company, 


Schenectady, N. Y. 

Mansfield, T. E. (Member), Oklahoma Power and 
Water Company, Sand Springs, Okla. 

Marshall, M. B., Jr., General Electric Company, 
Erie, Pa. 

Martin, W. L., Triad Manufacturing Company, 
Pawtucket, R. I. 

Martini, J. A., American Telephone and Telegraph 
Company, New York, N. Y. 

Matheo, M., Consolidated Edison Company, New 
York, N. Y. 

Matzinger, J. R., American Electric Switch Cor- 
poration, Minerva, Ohio. 


May, M. H., Interstate Power Company, Albert 
Lea, Minn. 

Mayer, J. A., Graybar Electric Company, Cleve- 
land, Ohio 


Mayers, 7 ERS ‘917 Druid Hill Avenue, Baltimore, 
Md 


McArthur, D., General Electric Company, West 
Lynn, Mass. 

McCormack, C. M., Phelps-Dodge Copper Products 
Corporation, Yonkers, 

McCrary, J. H. (Member), Public Service Company 
of Oklahoma, Tulsa, Okla. 

McDowell, E. P., General Electric Company, 
Schenectady, NM 

McLeod, G. R., General Electric Company, West 
Lynn, Mass. 

Mearns, W. J., Continental-Diamond Fibre Com- 
pany, Bridgeport, Pa. 

Messler, W. H., Winchester Repeating Arms, New 

: Haven, Conn. 

Michaelis, ih L., Pittsburgh Plate Glass Company, 
Barberton, ‘Ohio. 

Miller, R. E., Allis-Chalmers Manufacturing Com- 
Seer Milwaukee, Wis. 

Mooney, V. J., General Electric Company, Schenec- 
tady, N. Yy, 

Morgan, L. W., Commonwealth Edison Company, 
Chicago, Ill. 

Morris, R. V., Gary Heat, Light and Water Com- 
pany, Gary, Ind. 

Morrison, H. Central Nebraska Public Power 
and jee District, Hastings, Neb. 

Moss, A. G. (Member), Public Service Company of 
Oklahoma, McAlester, Okla. 

Mostrom, J., Phillips Petroleum Company, Bartles- 


ville, Okla. 

Motz, C. A., General Electric Company, Schenec- 
tady, N. Ves 

Murphy, J. T., Shell Petroleum Corporation, 


Plaquemine, "La. 

Nauert, A. G., American pereer ue and Telegraph 
Company, New York, N. 

Nelson, C. T., Public cea: Company of Okla- 
homa, Okmulgee, Okla. 

Nickerson, G., Texas Development Corporation, 


Lafitte, La. 
Nimmer, F. W., Ohio Edison Company, Akron, 
Ohio. 


Norton, T. P., 3 Bradford Street, Salem, Mass. 

Olsta, E., Consolidated Edison Company of New 
York, Inc,, New York, N. Y. 

O’Meara, EB. (Member), ‘Westinghouse Electric & 
Manufacturing Company, Tulsa, Okla. 

Saar that G. J., 7908 Halle Avenue, Cleveland, 
Ohio 

Papp, A., Jr., General Electric Company, Phila- 
delphia, Pa. 


News 


Park, A. J., Graybar Electric Company, Cleveland, 
Ohio 


Parker, Cc. V., Bell Telephone Laboratories, Inc., 
New York, NSN 

Parker, F. D., 106 Northern Avenue, New York, 
IN 


Parker, R. S., c/o H. B. Parker, 602 East Broad- 
way, Madisonville, Ky. 

Paterson, J. M., 7200—28th Avenue, N. W., 
Seattle, Wash. 

eae E. F., General Electric Company, Tulsa, 

<la 

Patterson, G.W.(Member), Patterson Electric, Ltd., 
Toronto, Ont., Canada. 

Pauler, E. ‘NG Electric Storage Battery Company, 
Chicago, ‘Tl. 

Pearce, T. C. (Member), Potomac Electric Power 
Company, Washington, Dec. 

Pence, I. E., 1120 North Milwaukee Street, Mil- 
waukee, Wis. 

Perlman, I., Air-King Radio Products Company, 
Brooklyn, Naw 

Perrine, T. F., Jr., Jersey Central Power and Light 
Company, Allenhurst, Ne 

Perry, F. W., Jr., Brown and Sharpe Manufacturing 
Company, Providence, 3 Salad th 

Perry, W. J. (Member), Public Service Company of 
Oklahoma, Weleetka, Okla. 

Perschbacher, i. Mes Milwaukee Hicciric Railway 
and Light Company, Milwaukee, 

Person, H. O., State Wide Highway Piniee Sur- 
vey, Howard, S. Dak. 

hp ees G. H., Georgia Power Company, Atlanta, 


Phillips, N. W., Alabama Power Company, Deca- 
tur, Ala. 

Phinney, J. A., Hugo District Public Service Com- 
pany of Oklahoma, Hugo, Okla. 

Pobst, J. W., General Electric Company, Schenec- 
tady, N. Y. 

Post, L. E., New Jersey Bell Telephone Company, 
Newark, INGee 

Pryor cL. Ss) "Southern Cotton Oil Company, Mont: 
gomery, Ala. 

Rand, R. V., Box 237, Bismarck, N. D. 

Regan, Py G., Minneapolis Honeywell Regulator 
Company, Boston, Mass. 

meine & . N., Western Electric Company, Kearny, 


N. J. 

Rhodes, C. F., Templeton-Kenly and Company, 
Ltd., Chicago, Ill. 

Rice, W. O., West Penn Power Company, Spring- 
dale, Pa. 

Ridgway, D. P., Robbins & Myers, Inc., Spring- 
field, Ohio. 

Roberts, C. F., Jr., Texas Electric Service Com- 
pany Wichita Falls, Texas. 

Pe: ae 5 Lennesses Valley Authority, Wilson 

Rothschild, tee R. , Republic Flow Meters Company, 
Chicago, Ill. 

Ruffle, L. E., Federal Shipbuilding and Dry Dock 
Company, Kearny, N. J. 

Ruonavar, W. T., Ford Motor Company, Dearborn, 


Mich. 
Rushmer, R. H., General Electric Company, Fort 
Wayne, Ind. 


Russell, W. J. (Member), Westinghouse Electric & 
Manufacturing Company, Mansfield, Ohio. 
Ryn G. veers), 39 Arcade Building, Colum- 
ia, 

Rylander, L. F. (Member), Public Service Company 
of Oklahoma, Tulsa, Okla. 

Salton, H. D. (Member), Pennsylvania Transformer 
Company, Pittsburgh, Pa. 

Saunders, B. W., Narragansett Electric Company, 
Providence, R. rE. 

Sauter, B. W., RCA Radiotron, Harrison, N. J. 

Saveland, Ww. aD Jr., Allis- Chalmers Manufacturing 
Company, Milwaukee, Wis. 

Scattergood, E. R., Tennessee Valley Authority, 
Wilson Dam, Ala. 

Schaefer, D. A., Indiana Bell Telephone Company, 
Indianapolis, Ind. 

Schene, M. M., Public Service Company of Okla- 
homa, McAlester, Okla. 

Seni toW, .W.J.; Cutler Hammer Inc., Milwaukee, 


Schmitz, J. M., American ‘Telsphone and Telegraph 
Company, New York, N. Y 

Schumacher, H., Atlantic Gas and Electric Appli- 
ance Company, Los Angeles, Calif. 

Schwan, F., Apex Electrical Manufacturing 
Company, Cleveland, Ohio. 

Schweers, C. W., Allis- Chalmers Manufacturing 
Company, New Orleans, La. 

Sealy, W. J., Canadian Railroad Service, Toronto, 
Ontario, Canada. 

or R. A., 1141 Ardsley Road, Schenectady, 


Seifried, D. B., F. C. Frederick Company, Summit 
Park, Spring Mirek N. Y. 
eos V. F. P., 69 Harrison Street, Worcester, 


Mas 

Shaffer, ‘4 A., Jones and Laughlin Steel Corpora 
tion, Pittsburgh, Pa. 

ee * M., American Can Company, Newark, 

Sheftelman, E. H., Automatic Diesel Electric Com-— 
pany, New York, ING Ys 

Sherlin, G. GC., Jr, Southwestern Bell Telephone 
Company, Little Rock, Ark. 

Shew, W. W., General Electric Company, Schenec- 


tady, N.Y. 
Shimer, Rx B., ony on Transformer Company, 
New York, "N.Y 


Shinn, G. H., Gibbs and oor Inc., New York, N. Y. 
Shively, R. DeW., The B. F. Goodrich Company, 
Akron, Ohio. 
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Shumard, C. C. (Member), R. C. A. Manufacturing 
Company, Harrison, N. J. 

Shutko, F. W., Jr., Detroit Edison Company, Tren- 
ton, Mich. 

Siegel, E. M., Westinghouse X Ray Company, New 
York, N. SM 

Simons, R. L., Carolina Power and Light Com- 
pany, Raleigh, N.C. 

Simpson, J. L., Jr., Georgia Power Company, 

thens, 

Skina, F. A., 626 Ash Street, Moscow, Idaho. 

Slemmer, W. E., Public Service Company of Okla- 
homa, Tulsa, Okla. 

‘Smith, A. J., General Electric Company, Schenec- 
tady, N. Y. 

Smith, H. G., Cornell University, Ithaca, N. Y. 

eth, R. G., General Electric Company, Tulsa, 

a. 

Smith, W. J., Houston Armature Works, Houston, 

i Texas. 

Snyder, C. J., Indiana and Michigan Electric Com- 
pany, South Bend, Ind. 

Spangler, W. H., 240 North Meridian Street, In- 
dianapolis, Ind. 

Spitzglass, A. F. (Member), Republic Flow Meters 
Company, Chicago, IIl. 

‘Spooner, E. K., Allis-Chalmers Manufacturing 
Company, Norwood, Ohio. 

Stonestreet, N. V. (Member), Suburban Resettle- 
ment, Washington, Die 

Strobel, H. C., Potomac Electric Power Company, 
Washington, Ds cy 

Sutherland, A. H., Public Utility Engineering and 
Service Corporation, Chicago, II 

Tarvin, E. B., Public Service Company of Okla- 
homa, Okmulgee, Okla. 

Taussig, O. C., New York Power and Light Cor- 
poration, Schenectday, N.Y, 

Taylor, H. C., Houston Lighting and Power Com- 
pany, Houston, Texas. 


Teague, T.S., General Electric Company, Schenec- 
tady, N. Y. 

Teigen, T. N., Fairbanks, Morse and Company, 
Beloit, Wis. 


Teller, W. A., American Telephone and Telegraph 
Company, New York, N. Y. 
Templeton, L. O., Pacific Gas and Electric Com- 
pany, San Jose, Calif. 
epolke, J. G., 480 Lexington Avenue, New York, 
ir 


Tones, C. W. (Member), Public Service Company 
of Oklahoma, Bartlesville, Okla. 

Thorpe, J., American Telephone and Telegraph 
Company, New York, N. Y. 

Topf, S. B., Premier Electric Motor Company, New 
York, N. Y. 

Tuepker, D. J., Public Service Company of Okla- 
homa, Tulsa, Okla. 

Unholtz, K., 3536—8th Avenue, Los Angeles, Calif. 

Upley, A. S., Chase-Shawmut Company, Newbury- 
port, Mass. 

Van Allen, W. G., 920 Livingston Avenue, New 
Brunswick, N. J. 

Van Zeeland, F. J., Milwaukee School of Engineer- 
ing, Milwaukee, Wis. 

Viadikov, E., c/o Mr. Linero, 2115-8th Avenue, 
New York, N. Y. 

Wagner, D. A., Cutler Hammer, Inc., Milwaukee, 
Wis. 

Wald, G. E. (Member), Mortgage Commission 

Servicing Corporation, New York, 

Walsh, J. E., Bethlehem Steel Company, Sparrows 
Point, Md. 

Ward, P. A., General Electric Company, Bloom- 
field, N. J. 

Ward, T. V. (Member), Room 11, District Building, 
Washington, D. C. 

Warner, D. F., General Electric Company, Schenec- 
tady, N. Y. 

Wasilchuk, S., Western Electric Company, Kearny, 
N 


oh i 
Watson, S. R., Jr., Carolina Power and Light Com- 
pany, Marion, S. C. 
Weaver, C. H., Westinghouse Electric & Manufac- 
turing Company, East Pittsburgh, Pa. 
Weber, J. A., New York, Power and Light Corpora- 
~ tion, Albany, N. Y. 
Wellons, R. S., Columbia University, New York, 
N. Y 


Welsch, CG Knapp Monarch Company, St. Louis, 
Mo 


Wentz, J. K., General Electric Company, Schenec- 
tad eae 

Were Hh F., Jr., Equitable Equipment Com- 
pany, Inc., "New Orleans, La. 

Wetzel, J. J., Chrysler Corporation, Detroit, Mich. 

Wheeler, W. M., General Electric Company, Pitts- 
field, Mass. 

Whinery, W. D., Jr., General Electric Company, 
Pittsfield, Mass. 

Whittenton, af M., General Electric Company, 
Lynn, Mass. 

Wiley” B. F., Phillips Petroleum Company, El 
Campo, Texas. 

Wilsey, H. R., 48 Caroline Road, Upper Montclair, 
N 


Wilson, Ww. V., 480 Lexington Avenue, New York, 
IN, 


Winslow, R. C., Automatic Diesel Electric Com- 
pany, New York, Ne, VY 

Binterhaiter, F. M., Allis-Chalmers Manufacturing 
Company, Norwood, Ohio. 

Wood, a N., Kansas State College, Manhattan, 
Kan 

Wrensch, B. E., 2945 North 4th Street, Milwaukee, 


Wulthen, A. J., 1050—79th Street, Brooklyn, N. Y. 


Wyman, J. ie Triad Manufacturing Company, 
Inc., Pawtucket, Raa 
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A L., 1050 Mar Vista Avenue, Pasadena, 

alif. 

Zappo, N. W., The Teleregister Corporation, New 
York, N. Y. 


Zindar, it J., Cutler Hammer, Inc., Milwaukee, 

is. 

Zinser, H. J., Heyer Products Company, Inc., 
Belleville, N. J. 
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Foreign 


Bonilla, R. B., 250 David Street, Manila, P. I. 

Chang, P. F.,; , Shanghai Power Company, Shanghai, 
China. 

Dahlby, G. O. H., ASEA, Vasteras, Sweden. 

de Velasco, J. F. (Member), Rio Grandense Light 
and Power Syndicate Ltd., Brazil, S. A. 

Elliott, J. S. (Member), Hoover Electric Cleaner 
Company, Perivale, Greenford, Middlesex, 
England. 

Mier, M. L., P. O. Box 471, San Juan, Puerto Rico. 

Mohindra, S. L., North Western Railway, Scheran- 


pur, India. 
Nardi, M., Soc. Meridionale di Elettricita, Naples, 
Italy. 


Oliphant, W. D., British Electrical and Allied In- 
dustries Research Association, London, W. C. 
2, England. 


9 Foreign 


Addresses 
Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
addresses as they now appear on the Institute 
record. Any member knowing of corrections to 
these addresses will kindly communicate them at 
once to the office of the secretary at 33 West 39th 
St., New York, N. Y. 


Godoy, Ernesto R., Cia. Tel. y Tel. Mex., 16 de 
Septiembri No. 13, Mexico, D. F., Mex. 

Hale, Edward E., Public Service Commission of 
New York, 80 Centre St., New York, N. Y. 
Little, Leroy C., 3414—17th St., N., Cherrydale, 

V: 


Ee 
Moore, Everett, 821 Sunset Blvd., Los Angeles, 


Calif. 
Nash, G. H., 2-A Holland Road, London W.14, 
England. 


Peach, Paul S., Upperville, Va. 

Pollastro, John B., Helper, Utah. 

Sawyer, Fred E., 811 E. Wisconsin Ave., Milwau- 
kee, Wis. 

Wickel, F. A., Pier 42, Dollar S. S. Lines, San 
Francisco, Calif. 
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New Books 
in the Societies Library 


Among the new books received at the Engi- 
neering Societies Library, New York, recently, are 
the following which have been selected because of 
their possible interest to the electrical engineer. 
Unless otherwise specified, books listed have been 
presented gratis by the publishers. The Institute 
assumes no responsibility for statements made in 
the following outlines, information for which is 
taken from the preface of the book in question. 


ELECTRON TUBES in INDUSTRY. By K. 
Henney. 2nd edition. New York and London, 
McGraw-Hill Book Company, 1937. 538 pages, 
illustrated, 9x6 in., cloth, $5.00. Discusses the 
practical uses of thermionic and light-sensitive 
tubes outside the communication field. 


ELEMENTS of 
Esty, R. A. Millikan, 


BEB CTURICIIN.g BY .e WwW. 
and W. L. McDougal. 


Chicago, American Technical Society, 1937. 
Illustrated, 9x6 in., cloth, $2.00. A textbook for 
beginners. 


INTRODUCTORY STUDY of ELECTRICAL 
CHARACTERISTICS of POWER and TELE- 
PHONE TRANSMISSION LINES. By F. W. 
Norris and L. A. Bingham. Scranton, Pa., Inter- 
national Textbook Company, 1936. 272 pages, 
illustrated, 9x5 in., leather, $2.50. Adaptable 
to an introductory course in the principles of elec- 
trical transmission. Aims to develop the student’s 
ideas of the electric and magnetic fields and his 
ability to deal with circuits involving distributed 
constants. 


News 


JONES RADIO HANDBOOK. By F. C. 
Jones. 1937 edition. San Francisco, Pacific 
Radio Publishing Company, 1936. 456 pages, 
illustrated, 9x6 in., paper, $1.50. Presents the 
theory of radio communication and gives practical 
instruction upon the construction of transmitters 
and receivers, and radio-therapeutic apparatus; 
intended for the radio amateur. 


(KEMPE’S) ENGINEER’S YEAR-BOOK of 
Formulae, Rules, Tables, Data, and Memoranda 
for 1937, 43rd Annual Issue, revised by L. St. L. 
Pendred. London, Morgan Brothers, 1937. 2,676 
pages, illustrated, 7x5 in., leather, 3ls. 6d. 
Deals with every phase of engineering and affords a 
survey of modern practice. 


OUTLINE of the HISTORY of MATHE- 
MATICS. By R. C. Archibald. 3rd edition. 
Oberlin, Ohio, Mathematical Association of Amer- 
ica, Inc. 62 pages, 9x6 in., paper, $0.50. A 
sketch of the development of "mathematics based 
upon 2 lectures delivered in 1931 at a summer 
school for engineering teachers organized by the 
Society for the Promotion of Engineering Educa- 
tion. 


PROCEDURE HANDBOOK of ARC WELD- 
ING, DESIGN, and PRACTICE. 4th edition. 
Cleveland, Ohio, Lincoln Electric Company, 1936. 
819 pages, illustrated, 9x6 in., leather, $1.50. 
Discusses in a practical manner the equipment and 
technique of arc welding, the design of arc-welded 
machinery and structures and the applications of 
arc welding in manufacturing, construction, and 
repairs. 


The RENAISSANCE of PHYSICS. By K. K. 
Darrow. New York, Macmillan Company, 1936. 
306 pages, illustrated, 9x6 in., cloth, $3.00. 
Intended primarily for the layman. Discusses the 
constitution of matter, transmutation, and other 
basic questions. Based upon a course of lectures at 
Lowell Institute. 


STATISTICAL YEAR-BOOK of the WORLD 
POWER CONFERENCE. No. 1. 1933 and 
1934. Edited, with an Introduction and Explana- 
tory Text by F. Brown. London, World Power 
Conference, Central Office; American Committee, 
Interior Building, Washington, D. C., 1936. 111 
pages, tables, 11x9 in., paper, $5.00. Contains 
statistics of the resources, stocks, imports, exports, 
and consumption of power and power sources dur- 
ing 1933 and 1934 for all countries for which it was 
possible to obtain information. 


STEAM-ELECTRIC POWER STATIONS. 
By C. F. John. Scranton, Pa., International 
Textbook Company, 1936. Illustrated, 8x5 in., 
leather, $1.50. An elementary descriptive text 
on power-plant equipment and operation, designed 
for operating men. 


STORM LOADING and STRENGTH of 
WOOD POLE LINES and a STUDY of WIND 
GUSTS. By R. H. Sherlock, M. B. Stout, W. G. 


Dow, J. S. Gault, and R. S. Swinton. University 
of Michigan, Ann Arbor; sponsored by Edison 
Electric Institute, New York, 1936. 183 pages, 


illustrated, 9x6 in., cloth, $2.00 to members; 
$5.00 to others. Contains information about the 
wind forces acting against the poles and conductors 
of a power line during storms, of determining the 
strength of wood poles under these conditions and 
of studying the structure of winds during storms. 


Die TRANSFORMATOREN. (Die Wechsel- 


stromtechnik, edited by I. L.la Cour. Bd.2.) By 
I. L. la Cour and K. Faye-Hansen. 3rd edition. 
Berlin, Julius Springer, 1936. 699 pages, illus- 


trated, 9x6 in., cloth, 48 rm. Discusses the 
theory, construction, calculation, and operation of 
transformers. 


Engineering Societies Library 
29 West 39th Street, New York, N. Y. 


AINTAINED as a public reference library 

of engineering and the allied sciences, this 
library is a co-operative activity of the national 
societies of civil, electrical, mechanical, and min- 
ing engineers. 


Resources of. the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi- 
cient to cover the cost of the work required. 

A collection of modern technical books is 
available to any member residing in North Amer- 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 

Many other services are obtainable and an 


inquiry to the director of the library will bring 
information concerning them. 


Ladustrial Notes 


General Electric Sales Up.—At the March 
meeting of the Board of Directors of the 
‘General Electric Co. President Gerard 
Swope announced that orders received for 
the first two months of 1937 amounted to 
$64,000,000, an increase of 79 per cent over 
the corresponding period of last year, and 
that sales billed in the first two months were 
$45,000,000, an increase of 39 per cent over 
the same period last year. Sales billed for 
1936 amounted to $268,545,000, compared 
with $208,733,000 for 1935, an increase of 29 
per cent. 


‘Construction Work Gains.—According to 
F. W. Dodge Corp., the total construction 
work started in the first two months of 1937 
in the 37 eastern states amounted to $431,- 
434,800, a gain of 22 per cent over the cor- 
responding two-months total of $355,211,900 
for 1936. Residential building amounted to 
‘$141,435,400 or a gain of more than 100 per 
‘cent over the total of $68,615,000 for the 
first two months of 1936. Public works and 
utilities started during the first two months 
of 19387 totaled $128,079,200 as against 
$133,506,200 for the same two months of last 
year. The decline from last year in this di- 
vision of the construction industry is entirely 
due to the slowing-up of the PWA program. 


-Aerovox Condensers Now Made in Canada. 
—The control of the former Polymet Delta 
Co. of Hamilton, Ont., has been taken over 
by Aerovox Corporation. Henceforth the 
Canadian plant will operate as Aerovox 
Canada Limited, producing a line of Aero- 
vox dry and wet electrolytic condensers, 
also mica and paper condensers, for the 
Canadian trade. The output will conform 
with the engineering and production stand- 
ards of the Brooklyn plant according to 
S. I. Cole, president of the parent company. 


Westinghouse Reports Increased Business. 
—The annual report for 1936 of the West- 
inghouse Electric & Mfg. Co. shows orders 
received amounting to $182,521,304, an in- 
crease of 48 per cent over the previous year. 
Sales billed totaled $154,469,031, an in- 
crease of 26 per cent over 1935. Unfilled 
orders at the end of the year amounted to 
$48,490,919 compared with $27,137,075 at 
the end of the previous year. 


New Battery Tester.—An instrument for 
quickly checking the working condition of 
glass jar type cells used in railway signal 
service has been developed by the Electric 
Storage Battery Co., Philadelphia, Pa., 
termed the Exide ‘““Minute Man.” The test 
is made by discharging the cell at approxi- 
mately its one minute rated capacity. In 
this manner the same practical results are 
obtained as from a 1- or 8-hour-rate dis- 
charge test. 


New Molding Materials—Many molded 
plastic parts, due to the conditions under 
which they are used, require better resist- 
ance to shock or impact than is afforded by 
general purpose molding materials. In order 
to meet the varied requirements for impact 
strength, Bakelite Corp., New York, has 
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developed a new line of Bakelite molding ma- 
terials which range in impact strength on an 
A.S.T.M. standard test specimen from 0.22 
to 2.0 ft. Ibs. energy to break (2.75 to 25 ft. 
lbs. per inch square). These new molding 
materials are particularly suitable for hand- 
set telephones, instrument cases, junction 
boxes, and other parts requiring relatively 
high impact or shock resistance. 


Trade Datcentaure 


Relays.—Bulletin GEA-2524, 8 pp. De- 
scribes undervoltage and phase-rotation re- 
lays, type ICR, instantaneous-time delay, 
for the protection of motors and synchron- 
ous converters. General Electric Co., 
Schenectady, N. Y. 


Service Equipment.—Catalog, 96 pp. De- 
scribes a wide range of general purpose and 
safety switches, panels and cabinets, switch- 
centers, breakers, industrial cable ducts and 
fittings, etc. Bull Dog Electric Products 
Co., Detroit, Mich. 


Voltage Regulators.—Bulletin 1170B, 36 pp. 
Describes type AFR automatic feeder volt- 
age regulators. The purpose, construction, 
and advantages of such equipment, illus- 
trated throughout, are treated at length. 
Allis-Chalmers Mfg. Co., Milwaukee, Wis. 


Watthour Meters.—Cat. Sec. 42-215, 16 pp. 
Describes polyphase watthour meters for 
house service. Application, construction, 
performance characteristics, wiring dia- 
grams and ratings for the various available 
types are included. Westinghouse Electric 
& Mfg. Co., E. Pittsburgh, Pa. 


Motor Generator Sets.—Bulletin 501, 4 pp. 
Describes and illustrates various types of 
motor generator sets, built in sizes up to 500 
kw and supplied in a variety of combina- 
tions. Reliance Electric & Engg. Co., 
1086 Ivanhoe Road, Cleveland, O. 


Distribution Capacitors.—Bulletin GEA- 
2494, 20 pp. Describes Pyranol-filled, pole- 
type distribution capacitors. According to 
the bulletin, 99.82 per cent of the Pyranol 
capacitors manufactured in the last 6 years 
have a perfect operating record. General 
Electric Co., Schenectady, N. Y. 


Building Wires and Cables.—Bulletin BW3, 
48 pp. Describes electrical conductors for 
industrial power and lighting circuits for 
building of all types; includes tables on wire 
gauges, formulae for calculating electrical 
properties of circuits, conversion tables, 
electrical symbols for architectural plans, 
etc. General Cable Corp., 420 Lexington 
Ave., New York. 


Noise Meter.—Bulletin, 4 pp. Describes 
the new type 759-A sound-level meter for 


-Co., Cambridge, Mass. 
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measuring noise. Features of the new meter 
include standardized readings, unusual sen- 
sitivity, non-directional pick-up, self-con- 
tained and portable, weighing only 231/, 
lbs. The new device is very easy to operate 
and is comparatively low priced. Bulletin 
20, a comprehensive manual on noise meas- 
urements, is also available. General Radio 


Wiring Survey.—32 pp., “Industrial Guide 
for Selection of Wire & Cable.”’ A com- 
prehensive, practical treatise on electrical 
conductors used for industrial purposes and 
methods of modernizing circuits. Chapters 
included cover the factors affecting the selec- 
tion of wire and cables; guide to determin- 
ing types of insulation; how to use charts; 

power circuits; standard building wire and 
cable; flexible cords and cables; control 
circuits. Anaconda Wire & Cable Co., 25 
Broadway, New York City. ay 


Circuit Breakers.—Cat. 6—Sec. 9, 2 pp. De 
scribes a new class TCR-1 indoor, oil-tight 
circuit breaker with a rating of 75,000 kya 
interrupting capacity, available in ra 

up to 2,000 amperes, 5,000 volts, and a 
automatic and non-automatic operation and 
in both two pole and three pole types. Ac- 
cording to the manufacturer there has been 
no NEMA standard breaker between 
50,000 and 100,000 kva interrupting capa- 
city. Roller-Smith Co., 12 Park Pl, New 
York City. [ 
Wires and Cables.—Bulletin, 4 pp. De- 
scribes various types of insulation and comme 
ings; rubber jacketed, lead sheathed and 
varnished cambric cords and cables, to- 
gether with weather-proof wire and cable, 
armored bushed cable, Cresflex, a n 
metallic sheathed cable, parkway cables and 
special cables. Data on building wire and 
cable and conduit sizes for rubber- -covered 
building wire are set up in convenient table 
form for ready reference. Crescent Insu- 
lated Wire & Cable Co., Trenton, N. J. 


Lubrication Studies.—A series of effectively 
illustrated, large page booklets entitled 
“Panorama of Lubrication,’ described as 
“an educational series, dedicated to execu- 
tives, engineers, salesmen and students 
whose interest in the subject of lubrication 
demands simplicity.’’ The first three i issues 
of the series, each 24 pages, are now avail- 
able: 1—The Fundamentals of Lubrication; 
2—Lubricating Friction Type Bearings; 3— 
The Modern Motor Oil. The latter details 
refining processes and the sources and na- 
ture of crude oils. Shell Petroleum Corp. 
Shell Bldg., St. Louis, Mo. | 
New Circuit Breaker Feature.—Bulletin 
237, 6 pp. Describes the new thermo- 
magnetic overload feature, applicable to all 
a-c types of I-T-E motor-protecting circuit 
breakers and available for all types of a-c 
motors up to 1,000 hp., 550 volts. The new 
feature discriminates with unfailing accur- 
acy between normal and unsafe overloads. 
It permits full-voltage starting even whea 
the accelerating period is unusually long and 
the inertia load exceptionally heavy. The 

breaker is tripped before dangerous tem- 
peratures are reached in a motor or in the 
device itself. With overcurrents of short- 
circuit intensity, tripping is instantaneous. 
I-T-E Circuit Breaker Co., 19th and Hamil- 
ton Sts., Philadelphia, Pa. 
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